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ABSTRACT 


Interaction between potato virus M (PVM) and potato virus S$ 
(PYS) was investigated using purified preparations of intact 
particles and ribonucleic acids (RNA's) in their respective local 
lesion hosts. The purification of PVM and PVS by differential 
precipitation with polyethylene glycol and sodium chloride 
resulted in increases in the virus yield up to 10-fold (330-350 mg 
virus per kg of infected leaves) over those obtained by the other 
methods reported in literature. The values of Absorbance 260/280 were 
found to be 1.4640.04 and 1.48+0.03 for purified PVM and PYS 
respectively. The values of sedimentation coefficent and buoyant 
density of PVM and PVS were 108 and 1485, and 1.35 and 1.34 gm/ml 
respectively. 

Inoculations of Phaseolus vulgaris L. cv. ‘Red Kidney’ or 
Chenopodtum quinoa Willd. with a mixture of purified PVM and 
PVS respectively gave rise to marked increases in the local lesion 
number incited by a test virus, i.e. PVM or PVS. Neither PVM nor 
PYS mixed as a counterpart of a given test virus was recovered 
from the inoculated leaves of the non-host plant after mixed appli- 
cation. Approximately 10 to 30% increases in local lesion number 
incited by the test viruses were also obtained in the presence of the 
coat-proteins of the counterpart in the inoculum. Interaction of the 
viruses was not fcund when simultaneous separate inoculations were 
made onto the upper and lower epidermal layers of tne test plants. 


In the presence of the viral! RNA of the counterpart, the 
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numbers of local lesions due to intact virus decreased 30 to 60%. 
Similarly, experiments with inoculum of mixed viral RNA's yielded 
10 to 30% inhibition in the infectivity of the test viral RNA, This 
result suggested that there was no genetic interaction between these 
two viruses even at RNA level. The activity of the endogenous 
ribonuclease in the purified virus preparations was reduced by dilut- 
ing the intact viral counterparts before mixing with the RNA 
preparations or by adding yeast-RNA to the viral RNA preparations 
when intact viral counterparts were mixed. 

The results suggested that the stimulation of infection by 
a mixture of PVM and PVS was achieved possibly through the physical 
interaction of the particles between the intact viruses and even 
to a limited extent through an interaction with coat-protein of 
the counterpart. Thus, it was concluded that this type of 
interaction found between PVM and PVS in their respective local 
lesion host was a unique phenomenon different from any known 


interactions between different plant viruses. 
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Abbreviation 


AMV 
CBYV 
CLV 
CMMV 
CVB 
cV2 
FMV 
HLV 
LSV 
NLV 
PAMV 
PLY 
PMV 
PSV 
PVA 
PYM 
PVS 
PVX 
RCVMY 
STNV 
TEV 
TMV 
TNV 
TYMV 
WBMV 


LIST OF ABBREVIATIONS 


Vernacular name of the virus 


alfalfa mosaic virus 
chicory blotch virus 
carnation latent virus 
cowpea mild mottle virus 
chrysanthemum virus B 
Cactus virus 2 

fressia mosaic virus 

hop latent virus 

lily symptomless virus 
narcissus latent virus 
potato aucuba mosaic virus 
passiflora latent virus 
poplar mosaic virus 

pea streak virus 

potato virus A 

potato virus M 

Dota tO; VITUS! S 

potato virus X 


red clover vein mosaic virus 
satellite tobacco necrosis virus 


tobacco etch virus 

tobacco mosaic virus 
tobacco necrosis virus 
turnip yellow mosaic virus 


white bryony mosaic virus 


Xvi 
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CHAPTER I 


INTRODUCTION 


Although the taxonomy of viruses is a nighly controversial 
subject (Gibbs, 1969; Lwoff and Tournier, 1971), potato viruses M 
and S are now classified as members of the carlavirus group (Harrison 
et al., 1971), and this sigla grouping has been approved recently by 
the International Committee on the Taxonomy of Viruses (Fenner, 1976). 
The carlavirus group includes carnation latent virus (CLV) as its type 
member, and additional 11 members such as cactus virus 2 (CV2), 
chrysanthemum virus B (CVB), cowpea mild mottle virus (CMMV), lily 
symptomless virus (LSV), narcissus latent virus (NLV), passiflora 
latent virus (PLV), pea streak virus (PSV), potato virus M (PVM), 
potato virus S (PVS), red clover vein mosaic virus (RCVMV), and white 
bryony mosaic virus (WBMV). There are four more possible members 
Suggested on the basis of partial characterization of the viruses, They 
include chicory blotch virus (CBV), fressia mosaic virus (FMV), hop 
latent virus (HLV), and poplar mosaic virus (PMV) (Brandes, 1964; 
Harrison et al., 1971). The members of the group are characterized by 
a particle length of 620-690 nm, straight to slightly flexuous rods, 
containing about 6% ribonucleic acid (RNA) (Gibbs, 1969; Harrison 
et al., 1971). Their longevity in vitro is only a few days at 20°C, 


the thermal inactivation point (TIP) is between 55°-70°C, and the 
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dilution end point (DEP) is 1072-107". 


They induce mild or no symptoms 
and have a narrow host range. Besides mechanical transmission, the 
viruses of this group may be transmitted by aphids. Their serological 
relationships range from nil to distant (Kassanis, 1955, 1956; 

Bagnall et al., 1956a,b; Rozendaal and van Slogteren, 1958; Bagnail 

et al., 1959; van Slogteren et al., 1962; Hakkaart et al., 1962; 
Brandes and Wetter, 1963-64; Wetter, 1967; Varma et al., 19/70; Bos 
abidh. 411972),. 

Soon after tne turn of this century, Canada acquired an 
international reputation for high quality seed potato production 
through constant efforts in disease control and research in addition 
to climatic conditions suitable for such a purpose. Seed potato 
certification, started in Canada in 1913 by the National Plant 
Quarantine Act of 1912, aimed to restrict the spread of potato 
diseases across countries or continents (Rieman, 1956). By 1922, the 
certified acreage for seed potato production in Canada was 6,642 acres. 
Large scale serological and indicator plant assays began in 1952 to 
maintain seed potato stocks free from potato virus X (PVX) infection 
(Munro, 1954). Virus-tested potato stocks were established in British 
Columbia (Stace-Smith and Mellor, 1967, 1968a,b; Mellor and Stace- 
Smith, 1967, 1970, 1971; Wright, 1970; Wright and Mellor, 1976), and 
were introduced into elite seed farms in Eastern Canada in 1969 
(Mackinnon and Bagnall, 1972). Approximately 85% of the certified seed 
potato acreage is in Prince Edward Island (P.E.I.) and New Brunswick 
(Seed Potatoes from Canada, 1975), and more than 75% of seed potatoes 
in Canada are grown annually in P.E.I. to meet the needs of both 


domestic and export markets (MacKinnon et al., 1972). 
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In Alberta today, the southern irrigated areas and the central 
region from Lacombe to Edmonton are the two major commercial potato 
farm lands (Holmes et al., 1976). The Alberta Seed Potato Improvement 
Program (ASPIP) was established in 1971 to supply the growers with 
disease-tested seed potatoes (Letal and Hiruki, 1976). Under this 
program seed potatoes, in particular Elites I and II, have been grown 
in isolated fields at Lacombe and Peers in Central Alberta. In 1976, 
while Alberta had 17,000 acres under potato cultivation, a 12% 
increase in yield was reported in the province (Fruit, Vegetable and 
Honey Crop and Market Report, 1976). 

In 1976, Canada had 283,600 acres under potato production as 
compared to 260,000 acres in 1975 (Fruit, Vegetable and Honey Crop and 
Market Report, 1976). Of this, 65,000-71,000 acres were involved in 
the production of seed potatoes, and of which about 45,000 acres were 
for export purpose. Elite seed potatoes are maintained continuously 
by clonal selection, serological tests, indicator plant assays and 
other necessary tests to assure that they are free of tested viral, 
fungal or bacterial infection. At present, about 46 potato varieties 
are licensed for sale as seed potatoes (Seed Potatoes from Canada, 
1975), and between 1964-1973, the annual export amounted to 125,000 
tons. 

Although Canadian seed potatoes have been exported to over 20 
countries, the largest seed potato exporter in the world is the 
Netherlands. Van der Zaag (1972) reported that between 1965-1970 about 
270,000 tons of certified seed potatoes were exported to more tnan 50 
countries. Other European countries with significant export of seed 


potatoes are the United Kingdom, the Republic of Ireland, Denmark 
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and France. 

Control of viruses in seed potatoes has had a long 
history. There are three principle methods, which have been used 
separately or in combination for better results: (1) varietal 
resistance, (2) thermotherapy, and (3) meristem tip culture. 

Bagnall et al.(1956b) reported that certain cultivars including 
"Saco', 'Alpha', 'Sebago', 'Voran' and 'Seedling X927-3' were found 
free from PVS infection by serological tests. Evidence of resistance 
to PVS in 'Saco' was reported also elsewhere (Alfieri and Stouffer, 
19573) Bagnall; .et al .,..1959.; Alfieri, 1960; Bagnall and Young, 1960, 
1968, 1972; Bagnall, 1965; Zadina, 1971). However, Larson and Oshima 
(1959) later found that when PVS was introduced to 'Saco' plants by 
top-graft inoculation the virus passed through the stem tissues into 
the roots where it could be detected. Baerecke (1967a) and Vuli¢ 
and Hunnius (1967a) also reported transmission of PVS from infected 
scion to 'Saco' plants. Bagnall and Young (1960, 1969, 1972) 
hypothesized that resistance of ‘Saco! potato was controlled by a 
Single gene in the homozygous recessive condition, i.e. ssss being 
resistant to PVS while potato with a dominant gene 'S' is susceptible. 
Scholz (1964) obtained a PVS-resistant hybrid by crossing 'Ora' and 
'Schwalbe' potatoes. Baerecke (1967b) and Makarov (1975) found that 
the resistance to PVS of a Bolivian clone, Solanun tuberosun andtgena 
'Huaca nahui', Plant Introduction 258907, was due to the presence of a 
Single dominant gene Noe On screening 43 tuber-bearing Solanwn species, 
Bagnall (1972) discovered that S$. microdontum was resistant to both PVM 
and PVS. 


Heat treatment has been a useful and an easily applicable 
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therapeutic method for controlling virus and mycoplasma diseases of 
plants. Effective treatment temperature and duration may vary from 
35° to 54°C and from hours to weeks. Two kinds of potato materials 
nave peen used: the dormant tubers and young growing plants. The 
treatment of dormant tubers may rely strictly upon relatively simple 
heat-inactivation of the virus, however, hot-air-treatment of 
vigorously growing plants is more widely used. 

The discovery of the frequent absence of tobacco mosaic virus 
(TMV) at the growing tip of infected plants (Limasset and Cornuet, 
1949) consolidated Morel's (1948) pioneer work on the meristem tip 
culture technique to free plants from viruses. Hollings (1965) 
defined a meristem tip culture as an aseptic culture of apical 
meristem dome plus the first pair of leaf primordia, which is about 
0.1-0.5mm long in different plants. Meristem tip culture alone often 
gives rise to virus-free clones, and is especially valuable when heat 
treatment fails (Bawden et al., 1950) or where plants cannot withstand 
heat. By growing the excised apical meristem (0.1-0.25mm) of sprouts 
from 'King Edward' and ‘Arran Victory’ infected with PVM and PVS, 
Kassanis (1957) obtained a limited number of virus-free plants. 
Similarly, Quak (1961), Yora and Tsuchizaki (1962), and Huth and Bode 
(1970) also produced few PVS-free potato plants. Morel and Muller 
(1964) eradicated PVS and PVX from 'Red Pontiac' and 'Eersteling' 
potatoes using the same technique with improved medium. Pett (1974) 
claimed, using meristem tip cultures, 84.6% of 'Axila'’ and 'Sperber' 
were made free from PVS, while 71.4% of 'Meise' were also free from 
PVM and PVS. 


However, simple heat treatment or meristem tip culture alone 


ve vie 
hi Pig a Y 
oe tr 


SS a 


iy vite. tah 
1 -, 1 ns 
o" * Ti Ca TR y 
; Ay } wh 
a Oe aes 1 ee a oe 
Re oertoe OARS a eats ako 
j y 
é ay 
aie Mester aes 
Ee 7 x 2 ie \ 
rapen | sal Pe sti enin . 
5 . ‘ . he m : ‘ ‘ a ; 
*- ‘3 7 ae re it vm eh wi 
4 ; 
4 Q 


= yee eo oe det 


i _ r y my ait 
F » and bhi bbe an . r f By ie hs eae 
Mitte Ofte UM 7 ciate oO, tg Phen 2 Sit vi 10 se _ {oes re ae + ate ree nbs oa a, 
Ss ' é ee ae ' ls A | «= ee iy 
; x aoa ae ae e be Biehl oe a. nf a 
ger Fo" (emia der U7 weg a Pee tealge: RSAFS i S st . Hominy ef 
qT a 
¥ 5 i. 5 f 


Fe ae shh . ou ». 
"4 2 Oe re 


sure Ly. 


tei 


A, 


‘ 
TY a ee 
‘ > gys%s 
Vek id 
N a 
ri i, 
afl og 
~y \ - cut 
Ta et Pa ace bi let a 
; vy in “he * ” eto > 
ret By) i 
eal i ih 
i! bie oe is Prema, 
i . a idl ee r rate 
© ~ Eve Db oe 4 TH ee 
hi Thteae pee 
By , és i} 
he mt 


sometimes fails to produce virus-free potato plants. Virus-free nuclear 
stocks can be obtained more efficiently by combining thermotherapy and 
meristem tip culture techniques (Quak, 1972). Thomson (1958a) obtained 
some healthy potato plants by culturing PVS-infected shoot apices at 
30°-38°C in darkness for 7-110 days, then excising and subculturing the 
shoot apices (1-2 cm). Similarly, Morel (1964) cultured meristem tips 
of sprouts from PVS-infected tubers germinated in darkness at 37°-38°C 
to obtain virus-free plants. Stace-Smith and Mellor (1968a,b) also 
Succeeded in eliminating both PVS and PVX from infected 'White Rose' 
by growing the infected plants at 33°-37°C (with soil temperature 
at 30°- 32°C) for up to 7 months and culturing the excised axillary 
buds (0.3-1 mm, including 2-3 leaf primordia) on Murashige and 
Skoog's (1962) liquid medium. These techniques were soon applied to 
other infected stocks so that over 40 cultivars of potato licensed for 
Sale in Canada were freed from PVS and PVX (Mellor and Stace-Smith, 
1970; Wright, 1970; Wright and Mellor, 1976). Wright (1970) reported 
that PVS- and PVX-free 'Netted Gem' (Russet Burbank) and 'White 
Rose' seed potatoes increased their yield by 11-38% in British 
Columbia, Oregon and California. In. fact, Shepard and Claflin (1975) 
Stated that the only serious attempt being made in North America to 
produce PVS- and PVX-free certified seed potatoes at the grower level 
is in British Columbia, Canada. 

Huth and Bode (1970) eliminated PVS from infected German 
potato varieties by heat treatment of tubers and meristem tip 
cultures, followed by grafting of plantlets onto tomato plants. In 
Finland, Tapio (1972) similarly reported an 80% recovery of potato 


plants free from PVS and PVX from apical meristems. Macdonald (1973) 
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in Scotland also recovered 58% of potato plants free from PVS and PVX 
when tested serologically. 

Although much effort has been made in establishing virus- 
tested muclear stocks, reinfection can;occur. In nature, PVS can 
be transmitted by the aphid, Myzus persteae Sulz. (Bode and 
Weidemann, 1971; MacKinnon, 1974). After the introduction of 
virus-tested seed potatoes, 3-57% reinfection by PVS and PVX 
occurred in P.E.I. during 1969-1972, depending on the closeness of 
virus source and varietal susceptibility (MacKinnon et al., 1972; 
MacKinnon, 1974). 

Nevertheless, there were two- to threefold increases in yield 
globally during the period 1935-1965 through improved health of seed 
potato stocks (Hollings, 1965). Shepard and Claflin (1975) reported 
three United States and one Canadian growing regions had recorded 
yield increases of 14-37% by using virus-tested seed potatoes. Between 
1962-1973, 23% and 30% yield increases were reported from potato 
growing areas in the temperate and tropical zones in the world 
respectively (van der Zaag, 1976). Although the average yield of 
potatoes has been 13.3 tons/hectare, 95 tons/hectare has been achieved 
In experimental fields in the Netherlands. The survey from 1962 to 
1973 indicated that the total acreage for world potato production will 
decrease continuously because of constant increase in yield due to 
the availability of disease-tested seed potatoes. 

Bagnall et al. (1956a,b) determined serologically that PVM 
and PVS nad a relatively small fraction of the antigenic determinants 
in common. On the basis of comparative serological studies on PVM, 


PVS and CLV, Kassanis (1956) and Bagnall et al. (1956b, 1959) 
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Suggested that these three viruses might have had a common ancestry. 
Van Slogteren et al. (1962) and Hakkaart et al. (1962) proposed that 
the mutual degrees of serological relationships between PVM, PVS, CLV 
and CVB could be arranged as PVM-CLV-CVB-PVS in order of relatedness. 

PVS was found with PYM in most commercial stocks of 
'King Edward' potatoes (Bagnall et al., 1956b, 1959; Kassanis, 
1956, 1960, 1961a; Rozendaal and van Slogteren, 1958; Howard and 
Wainwright, 1960; Bawden and Kassanis, 1964; Beemster and Rozendaal, 
1972). Kassanis(1956) and Bawden and Kassanis (1964) reported that 
PVM and PVS could multiply, without interfering with each other, to 
much the same extent as if each of them were alone. Cross-protection, 
a phenomenon whereby serologically related viruses are mutually 
antagonistic and plants fully infected with one resist invasion by 
another, was not clearly observed between these two viruses (Kassanis, 
1956; Bagnall et al., 1956b, 1959; Rozendaal and van Slogteren, 1958; 
Bawden and Kassanis, 1964; Beemster and Rozendaal, 1972), but 
different degrees of interference were reported between their strains 
by Rozendaal and van Slogteren (1958). These results suggest that 
the serological difference between PVM and PVS resulted in the 
apparent loss of their capability to interfere with each other. 
Bagnall et al. (1956b) found that a mixed inoculation of PVM 
and PVS resulted in the quick appearance of the chlorotic local 
lesions on Datura Bernhardtt Lund. and D. metel L., while PVS alone 
did not incite symptoms on either of the hosts, although it infected 
D. metel systemically. 

On the other hand, Ambrosov and Sokolova (1973) reported that 


secondary infection with PVS significantly reduced infection by 
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PVM in the potato plants when determined serologically. Hunnius 
(1972), however, reported that the multiplication of PVS was 
inhibited by the secondary infection with PVM and later PVS was 
replaced completely. Howard and Wainwright (1960) and Bawden and 
Kassanis (1964) suggested that in mixed infections by PVM and PVS, the 
resulting symptoms depended largely on the virulence of the PVM 
Strain. Hiruki (1970) found that there was a strong inhibitory effect 
by PVS on PVM infection in its local lesion host, Phaseolus vulgaris 
L. cv. 'Red Kidney', when a mixed inoculum in sap was used. 

Therefore, the biological interaction between PVM and PVS 
remains aS a controversial topic. One of the reasons for this was the 
lack of reliable bioassay systems for these viruses in the past. To 
determine the presence or absence of interference or interaction between 
the two viruses it is essential to analyze a mixed infection with 
highly purified viruses by the local lesion method or other quantitative 
techniques. In the past there were no such careful analyses made on 
these viruses. Although PVM and PVS have been known since 1923 and 
1951 respectively, our understanding of their physicochemical properties 
is still fragmentary. 

In the present study, investigations have been mainly directed 
towards the purification of potato viruses M and S in large quantities 
with improved yields. Using the highly purified virus preparations the 
physicochemical and biological properties of PVM and PVS have also been 
Studied. The biological interaction of purified PYM and PVS was 
investigated at intact particle and RNA levels in their respective 
local lesion hosts. The effects of endogenous ribonuclease, coat- 


protein and yeast-RNA on the viral interaction have been included as 
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CHAPTER II 


LITERATURE REVIEW 


A. Potato Viruses M and §S 

Serious confusions in nomenclature occurred when earlier 
workers assigned different names for the same virus on the basis of 
symptoms, which might vary in severity under different conditions. 
A virus disease, believed to be caused by PVM, was first encountered 
by E. S. Schultz in 1923 and may serve as a typical example in this 
respect. Symptoms incited by PVM in 'Green Mountain’ was first 
described under the name of leafrolling mosaic (Schultz and Folsom, 
1923). Since then at least nine more synonyms have been assigned to 
this same virus (Rozendaal and van Slogteren, 1958; Wetter, 1972) as 
listed in the following: potato virus 7 (Johnson, 1927), potato 
paracrinkle virus (Salaman and Le Pelley, 1930), potato interveinal 
mosaic virus (McKay and Dykstra, 1932), potato virus E [unpublished 
thesis of F. C. Bawden (Smith, 1933) ], Kartoffel-Rolimosaik-Virus 
(Kohler, 1935), Solanum virus 7 (Smith, 1937), Solanum virus 11 (Smith, 
1937), Marmor angltae Holmes (Holmes, 1939) and Kartoffel-K-Virus 
(Kohler, 1941). Bagnall et al. (1956b) designated the “interveinal 
mosaic virus (IVM factor)" of the 'Irish Cobbler' potato as "potato 
virus M", which at last won its universal acceptance. 


PVS was accidentaliy discovered in 1948 at the Laboratory for 
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Flowerbulb Research at Lisse, the Netherlands, directed by E. van 
Slogteren during serological tests for potato virus A (PVA). Antiserum 
produced by using a supposedly pure PVA source from 'Light Industrie’ 
not only reacted non-specifically with PVA alone, but also with an 
unknown viral antigen obtained from 'Light Industrie', ‘Dark Industrie’, 
and 'Bintje' regardless of the presence of PVA (van Slogteren, 1955a,b; 
Rozendaal and Brust, 1955). The field occurrence of this virus was 
first reported in 1951 by de Bruyn Ouboter (1952), and later was 

named as potato virus "S" in honor of its original discoverer, E. van 
Slogteren (Rozendaal, 1954; MacLeod, 1962). 

The host range of potato viruses M and S includes several 
species in the families of Amaranthaceae, Chenopodiaceae, Leguminosae, 
and many species belonging largely to the Solanaceae (Bagnall et al., 
1956b, 1959; MacLeod, 1962; Wetter, 1971, 1972). Lycoperstcon 
esculentum Mill. (tamato) is immune to PVS, but systemically suscept- 
ible to PYM without producing visible symptoms. It may, therefore, 
be used as a filter plant to separate PVM from a mixed-inoculum of PVM 
and PVS (Rozendaal and Brust, 1955; Bagnall et al., 1956b; Kassanis, 
1956; Vulié and Hunnius, 1967b; Horvath, 1972, 1973). Hiruki (1970) 
found that French bean 'Red Kidney' was also immune to PVS, 
Suggesting that PVM could be separated from double-infected samples 
with subsequent subculture in tomato. Bagnall et al. (1956b, 1959) 
Suggested that Wteottana debneyt Domin. could be used as a test plant 
for the isolation of PVS since it is systemically susceptible to 
PVS while locally susceptible to PVM. 

According to the cryptogram proposed by Gibbs et al. (1966) and 


Gibbs and Harrison (1968), PVM and PVS are described as "*/* : */* : 
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Efe tno Apaeandunn/ lath ines troza-Orihuela, 1973). 30*/7*_ 3 E/E. > S/Ap" 
[Type of nucleic acid (NA)/Strandedness : MW of NA/% NA : Outline of 
particle/Shape of nucleocapsid : Hosts/Vector] respectively, where 
E = elongated with parallel sides, ends not rounded, S = seed plant, 
Ap = aphid, R = ribonucleic acid, and 1 = single. Both viruses are 
straight to sligntly flexuous filamentous particles of approximately 
650 x 12 mm in size (Wetter and Brandes, 1956; Brandes et al., 1959; 
De Bokx, 1969; Tu and Hiruki, 1970; Hiruki and Shukla, 1973). PVM 
has a TIP of 65°-71°C (Wetter, 1972) while PVS's is 55°-60°C (Bagnall 


eimeie (obey Netter.«19721). .Bothe viruses nave a.DEP.of 10;--10.. 


~10 
(Bawden et al., 1950; Bagnall et al., 1956b; Wetter, 1971, 1972; 
Hiruki, 1973, 1975a), and their longevity in vittro is only 3 to 4 days 
at 20°C. Although Kassanis (1956, 1961a) failed to transmit PVM in 
‘King Edward' of the Rothamsted stock by aphids, Wetter and Yo1k (1960) 
succeeded in transmitting German isolates of PVM by M. persicae in 
other potato cultivars. It appears that different strains of 

PVM vary considerably in their aphid transmissibility. Bode and 
Weidemann (1971) reported that the rate of transmission by M. persicae 
ranged from 1 to 82% with five PYM strains. Similarly, 

despite earlier reports to the contrary (Rozendaal and Brust, 1955; 
Kassanis, 1956) various isolates of PVS were transmitted in the range 
of 3.4% to 42% by M. persteae (Bode and Weidemann, 1971; MacKinnon, 
1974). However, PVM and PVS were not transmitted via true seeds of 
various infected Lycopersicon species (Horvath, 1973) or potato 
cultivars (Shepard and Claflin, 1975; Goth and Webb, 1975). These 
viruses are mainly maintained from generation to generation through 


the tubers of infected potato plants. Before disease-tested seed 
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potatoes were available, farmers in the Netherlands tended to retain 
smaller tubers from the previous crop for seed purpose, and this 
practice helped the spread of these viruses (Rozendaal and Brust, 1955). 
In potatoes, PVM incites symptoms ranging from very slight 
(e.g. 'King Edward') to severe (e.g. ‘Arran Victory'). 'King Edward' 
infected with PVM is usually symptomless and occasionally shows slight 
ruffling and paling of leaves, while in other cultivars, various 
diffused interveinal mottling, mosaic, crinkling and rolling symptoms 
in leaves, and dwarfing of the plant are observed (Bagnall et al., 
1956b). The symptoms incited by PVS in potatoes are downward rolling, 
rugosity, slight veinbanding, chlorosis of leaves and stunting of 
shoots. Chmulev (1974) and Ambrosov and Schchutskaya (1975) reported 
infections by these two viruses resulting in marked decreases in 
pigmentation and photosynthetic activity in potato plants, but with 


increased respiration and oxidase activity. 


De Distribution and Economic Importance 

Potato ranks fifth as a staple crop for human consumption 
following wheat, rice, maize and barley (van der Zaag, 1976). The 
total world potato crop production at present has amounted to 
290 million tons and of these, 150, 100, 30, 8 and 2 million tons have 
been used for human consumption, stockfeed, seed, starch- and alcohol- 
productions respectively.. In North America, 80% of the total potato 
production have been used for human consumption and 50% of which are 
in processed forms. In Europe, however, 50% of the potatoes produced 
have been used as stockfeed. 


PVM and PVS are of economic importance because they are widely 
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distributed wherever potatoes are grown. In North America, Schultz 
(1951) reported that PVM reduced the yield of three potato varieties 

by 13-18% in Maine. PVM was also found in Oregon (McKay and Dykstra, 
1932; Bagnall et al., 1956a,b, 1959; Kahn et al., 1967). Infection 

by PVS did not affect the number of 'Sabago' tubers but reduced the 
tuber weight (Lim et al., 1966). Other reports of PYS occurrence 
included Wisconsin (Rozendaal and Brust, 1955; Bagnall et al., 1956a,b, 
1959: Larson and Oshima, 1959), California (Gold and Oswald, 1955), 
Oregon (Vaughan and van Slogteren, 1956), New York (Alfieri, 1960), 
Michigan (Lim, 1967), and others (Kahn et al., 1967). 

In Canada, PVM was isolated from 'King Edward' and some other 
cultivars in Ontario and New Brunswick (MacLeod, 1939, 1962; 

Bagnall et al., 1956a,b, 1959), and more recently in Alberta (Hiruki 
1970, 1973; Tu and Hiruki, 1970). Wright (1970) estimated that 

losses due to PVS in British Columbia ranged from 10 to 30%, especially 
when other viruses such as PVM or PVX were present. Occurrence 

of PYS was reported in New Brunswick (Bagnall and Bradley, 1955; 
Bagnall et al., 1956a,b, 1959), British Columbia (Stace-Smith and 
Mellor, 1968a,b), P.E.I. (MacKinnon, 1974), and Alberta (Hiruki, 
1975a). 

In Central and South American countries including Mexico, 
Guatemala, Haiti, Colombia, Ecuador, Peru, Bolivia and Chile, the 
overall incidence of PVM and PVS infectons in various potato cultivars 
was about 2 and 14% respectively (Kahn and Monroe, 1970). McKee 
(1964) established the presence of PVS in Peruvian potatoes and 
Mendoza (1967) found that about 17% of them were infected by PVS. 


More recently, Hinostroza-Orinuela (1973) revealed an average of 28% 
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infection with PVS in different Peruvian cultivars. In Argentina, 
Pontis and Feldman (1963) reported the first record of PVM infection 
in the country. 

Although PVM is not as widespread as PVS in Western Europe, 
jts presence has been reported in England (Salaman and Le Pelley, 1930; 
Bawden et al., 1950; Kassanis, 1956, 1960, 1961a), West Germany 
(Kohler, 1941; Yulié and Hunnius, 1967b), France (Payen and Madec, 
1957), the Netherlands (Rozendaal and van Slogteren, 1958), Italy 
(Lovisolo and Benetti, 1959), U.S.S.R. (Kolobaev, 1963), East Germany 
(Scholz, 1965a), Rumania (Ghena, 1970), and Poland (Chrzanowska, 1973, 
1976). There are strong indications that PVM is now the most 
important virus of potatoes in Eastern Europe including U.S.S.R. 
(Hiruki, personal communication). Yield losses due to PVS were 
estimated to be 10-20%, depending on potato cultivar as well as virus 
strain (Rozendaal and Brust, 1955; van Slogteren, 1955c; Vaughan and 
van Slogteren, 1956; Kameraz and Shcherbakova, 1957; Beemster and 
Rozendaal, 1972). In the Netherlands, many potato cultivars have been 
much more severely infected with PVS than with PVX (Rosendaal and Brust, 
1955; Rozendaal and van Slogteren, 195e)2 Widespread occurrence of 
PVS in various potato cultivars has also been reported in West 
Germany (Kéhler, 1953, 1955; Wetter and Brandes, 1956), Scotland 
MacArthur, 1956), France (Spire et al., 1967), Denmark (Kristensen, 
1956), Finland (Aura, 1957; Tapio, 1972), Italy (Lovisolo and 
Benetti, 1959), England (Kassanis, 196]la), U.S.S.R. (Kamerag 
and Shcherbakova, 1957), Czechoslovakia (Jermoljev and Prisa, 1958; 
Sip and Havlova, 1969; Sip, 1974), East Germany (Scholz, 1962, 1965a, 


b), Bulgaria (Bailova-Yankulova, 1966), Rumania (Ghena, 1967, 
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1970), and Hungary (Horvath, 1972 ). 

Similarly, PVM and PVS were also found in Asia. Both viruses 
occurred in Japan (Oshima and Sato, 1965; Horio et al., 1969; Horio 
and Kumoi, 1975). Horio et al. (1969) reported that PYM infection in 
seed potatoes ranged from 11 to 100% in seven cultivars tested. PVM 
and PVS were present in a number of Korean potato seed stocks (La, 
1974). Several PVM strains also were detected in Taiwan (Lee, 1971). 
The spread of PVS in India was studied by Ganguly (1963) and by Upreti 
and Nagaich (1969). 

Despite the known occurrence of PVS (Sampson and Taylor, 1968), 
PVM has not yet been found in Australia (D.S. Teakle, personal 
communication). PVS has been identified serologically in three potato 
cultivars in New Zealand (Thomson, 1959). In South Africa, Herold 
(1967) found that 16% of various potato cultivars were infected with 


PVS. 


e Purification 

Purification cf the members of the carlavirus group nas always 
been difficult in the past because of the low virus concentration in 
host tissues and losses due to aggregation of virus particles during 


isolation processes. Filamentous viruses are known for their frequent 


formation of insoluble aggregates, especially during concentration steps 


(Clark and Lister, 1971;-Hodrejdrv et al., 1970; Paliwal and Tremaine, 
1976). These difficulties have considerably limited studies of 
physicochemical properties of the viruses belonging to the carlavirus 
group. 


Polyethylene glycols (PEG) (trade name "Carbowax" is referred 
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to solid PEG with MW over 1000 dalton), uncharged linear polymers 
having a general formula HOCH, (CHLOCH.) CHAO, are chemically inert 
and their melting point, viscosity and aqueous solubilizing action all 
increase with increasing molecular weight (McClelland and Bateman, 
1945). McClendon (1954) first reported that 20% (w/v) or higher 
Carbowax 4000 (MW 2400) together with 1M sodium chloride (NaC1) 
precipitated the “ultraviolet absorbing materials" from his chloro- 
plast preparations. He signified that this discovery might provide 

a new tool in the study of nucleoproteins. Attempts were made 
initially to purify and concentrate viruses using aqueous two-phase 
systems of sodium-dextran-sulphate and PEG (Albertsson, 1960; Philipson 
et al., 1960). It was noted that the concentration of NaCl was 
Significant in the system and it directly affected the final 
concentration of the virus in one phase or tne other. 

Hebert (1963) directly applied PEG 6000 and NaCl for 
precipitating plant viruses instead of the laborious conventional 
methods (reviewed by Steere, 1959). The two filamentous plant viruses 
he studied were precipitated by using 4% (w/v) or less PEG while the 
two spherical viruses were precipitated by 8% (w/v) PEG. The effect 
of PEG concentration on isometric virus precipitation was also studied 
later by Lastra and Munz (1969), who found a 90% recovery of the 
infectivity of squash mosaic virus by using 6% PEG 6000, while 4 and 2% 
PEG recovered only 70 and 40% of its total infectivity respectively. 
Venekamp and Mosch (1963; 1964a,b,c) and Leberman (1966) examined 
various concentrations of PEG 6000 and NaCl in cellulose column 
chromatography for virus purification. The virus could then be eluted 


with a buffer solution containing neither PEG nor NaCl. Using the same 
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technique Clark (1968) tried to precipitate alfalfa mosaic virus (AMV) 
with 8% (w/v) PEG 20000 and fractionated it on a kieselguhr column by 
washing with a 10% (w/v) nonlinear decreasing gradient solution of 
PEG 6000. Adomako et al. (1974) chromatographed cocoa necrosis virus 
that had been precipitated with 10% PEG 6000 on Celite and gel- 
(Sephadex G200, Sepharose 4B) filtration columns with decreasing 
concentrations of PEG (5, 3, 1, 0%) as eluent. This chromatographic 
purification was carried out with a belief that plant viruses 

could be precipitated and redissolved at different PEG and NaCl 
concentrations. 

Investigation was made into the centrifugation of PEG- 
precipitated plant viruses through a reverse concentration PEG 
solubility gradient (10-0%), which was stabilized by a positive sucrose 
density gradient (5-30%) containing 0.15 M NaCl, for the determination 
of the minimal concentration of PEG and NaCl required for the 
precipitation of the virus or its components (Clark, 1970; Clark and 
Lister, 1971). In studying wound tumor virus, Reddy and Black (1973) 
reported both PEG and NaCl concentrations were very critical since they 
had a marked effect upon virus yield. and specific infectivity. 

Soon after Hebert's (1963) discovery, the PEG-NaCl precipitation 
procedure was widely adopted for the purification of not only other 
plant viruses but also animal viruses (Kanarek and Tribe, 1967; Wagner 
et al., 1970; McSharry and Benzinger, 1970; Freidmann and Haas, 1970) 
and Bacteriophages (Yamamoto et al., 1970). Recent reports involving 
PEG-NaCl purification of plant viruses are: pea seed-borne mosaic virus 
(Knesek et al., 1974), carrot thin-leaf virus (Howell and Mink, 1976), 


ryegrass mosaic virus (Paliwal and Tremaine, 1976), soybean dwarf virus 
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(Kojima and Tamada, 1976), tobacco mosaic virus (cowpea strain) 


(Whitfeld and Higgins, 1976). 


D. Interaction Between Different Plant Viruses 

Information on plant virus interactions is scattered through 
a tremendously large volume of literature and has been reviewed 
frequently (Price, 1940, 1964; Bennett, 1951, 1953; Ross, 1957, 1959, 
1974; Kassanis, 1963; Best, 1965; Kohler, 1969; Matthews, 1970; 
Loebenstein, 1972a,b; Gibbs and Harrison, 1976; Dodds and Hamilton, 
1976). In dealing with virus diseases occurring in nature it is not 
unusual to find double, triple or even quadruple virus infections in 
plants. While strains of a virus are mutually antagonistic, both 
Synergism and antagonism commonly occur between different viruses. 
These interactions are often expressed in symptomatology and/or resuits 
in an abnormal increase in one of the interacting viruses. 

Kassanis (1963) and Price (1964) interpreted interference as a 
phenomenon whereby a virus or viral component interferes with the 
multiplication of an unrelated virus or its disease-producing capacities, 
and that cross protection is a term designated to interference between 
strains of a virus only. In addition, these two phenomena differ in 
such a way that cross protection is specific, often almost complete, 
relatively long lasting, and frequently reciprocal, but interference is 
non-specific, incomplete, short lasting and one directional. However, 
Loebenstein (1972b), with a more inclusive view after considering recent 
progress made in this area of research, defined the interference of 


plant viruses as “a phenomenon whereby the infection process of one 
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virus interferes with the multiplication of another virus or strain; 
Or whereby a non-multiplying substance interferes via a host-mediated 
process, requiring the transcription mechanism of the cell, with the 
multiplication of a virus”. 

In this review more emphasis will be given to the interaction 
between different viruses. Firstly, in synergistic interaction, a 
double infection by TMV and PVX, which resulted in severe streak 
symptom in tomato plants, is perhaps the first example that is well- 
known in plant virology (Dickson, 1925; Vanterpool, 1926). In other 
double infections, severe symptoms also resulted from a combination 
of TMV and tobacco etcn virus (TEV) (McWhorter and Price, 1949), 
potato aucuba mosaic virus (PAMV) and AMV (Oswald et al., 1955), or 
TMV and cucumber mosaic virus (Garces-Orejuela and Pound, 1957; Marrow 
and Migliori, 1971). Development of a new symptom such as local 
lesions, which was not produced by neither of individual viruses, was 
found upon concurrent infection with a mixture of TMV and PVX 
(Sadasivan, 1940; Ross, 1959). In mixed infection, the concentration 
of interacting viruses is also affected. For example, the concentration 
of dodder latent mosaic virus (DLMY) greatly increased with no change 
in the concentration of the secondary viruses, when tomato plants 
infected with DLMV was superinfected with TMV or TEV (Bennett, 1949). 
Similarly, an increase of PVX concentration up to 10-fold was detected 
in the presence of PVY in potato and tobacco plants; the increase was 
still higher in simultaneous inoculation than in separate inoculations 
made in sequence (Ross, 1950; Rochow and Ross, 1954, 1955; Thomson, 
1958b; Goodman and Ross, 1972). Concurrent inoculation with TMV and 


PVX or using TMV as a challenge virus, an increase up to 5-fold in 
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PVX was reported (Zachos, 1957; Thomson, 1961). TMV concentration in 
barley was much higher in the presence of barley stripe mosaic virus 
than in single infection witn TMV (Hamilton and Dodds, 1970; Dodds 
and Hamilton, 1972). 

Secondly, a number of reports pertaining to antagonistic effect 
of mixed infection exist, in which the viruses and procedures similar 
to those mentioned above were used. In antagonistic infection with 
mixed viruses, reduction in virus concentration was often noted. For 
example, infection with TEV established in potato or tobacco plants 
interfered with the secondary infection with PVY or henbane mosaic 
virus, and in concurrent inoculation, the systemic infection by the 
latter two viruses was suppressed or almost completely replaced by 
TEV even if they had first become established in the hosts (Bawden 
and Kassanis, 1945). In simultaneous infection with PVX and PVY, 
the latter decreased as the amount of PVX increased (Ross, 1950, 1957; 
Hutton, 1952). When TMV and PVX were inoculated simultaneously on 
tomato plants, a decrease of 20 to 65% in TMV concentration was 
found (Rochow, 1954; Rochow and Ross, 1954; Zachos, 1957). The 
speed of lesion development and/or the size of lesions incited by 
one virus in the established presence of another one decreased 
significantly (Price, 1935; McKinney, 1941; Bode, 1948; Ross, 1953; 
Nitzany and Cohen, 1960; Nitzany and Sela, 1962; Ford, 1967; Wenzel, 
1971; Kassanis et al., 1974; Hiruki, 1975b). By contrast, simultaneous 
inoculation with TMV and PVX resulted in increases in the lesion-size 
of TMV, whereas if PVX was pre-inoculated, the resulting effect was 
negligible (Ross, 1961). 


An unprecedent type of interaction was reported to occur 
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between satellite tobacco necrosis virus (STNV) and tobacco necrosis 
virus (TNV) (Kassanis, 1968). In this system, the multiplication of 
STNV was completely dependent on the presence of TNV, and in mixed 
inoculation in tobacco or bean plants the concentration of TNV 
decreased depending on the amount of STNV present in the inoculum 
(Kassanis and Nixon, 1961; Kassanis, 1962; Kassanis and White, 1972). 

The studies of interaction between viruses have recently been 
carried out in protoplasts using both strains (Otsuki and Takebe, 1974) 
and unrelated viruses (Otsuki and Takebe, 1973, 1976; Takebe et al., 
1975). 

Lastly, another feature of interference is the interaction of 
an insect non-transmissible virus which becomes eligible in the presence 
of an insect transmissible virus. Clinch et al. (1936) were the first 
to find that PAMV became transmissible by aphids in the presence of 
PVA; and later PAMV was discovered also transmitted together with PVY 
(Kassanis, 1961b). Smith (1945, 1946) reported that tobacco mottle 
virus could only be transmitted by M. perstcae together with the aphid 
dependent tobacco veindistorting virus present in the double infected 


tobacco plants. 
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CHAPTER III 


PURIFICATION AND PHYSICOCHEMICAL PROPERTIES 


INTRODUCTION 


The purification of PVM and PVS was initially attempted by 
van Slogteren (1955) and Rozendaal and van Slogteren (1958). Their 
method involved extraction of sap in the presence of sodium bisulphite 
and potassium cyanide, clarification of the sap with chlorcform, and 
isolation of the viruses by differential centrifugation. Wetter (1960) 
then purified both viruses, after clarification of sap with etner and 
carbon tetracnloride, by differential and rate-zonal censity gradient 
centrifugation followed by dialysis. Albrechtova and Klir (1968) 
reported that PEG 4000 was suitable for the precipitation of PVS, and 
later extended their work to the purification of PVM using PEG of 
different molecular weignts and concentrations (35% solution of PEG 
4000, 30% solution of PEG 6000, and 20% SU SanN Ga PEG 15000) 
(Albrechtovaé and Kltr, 1970). 

In PVM purification Hédrejarv et al. (1970) homogenized 
infected leaves of S. demtssum in the presence of chloroform. The 
resulting clarified sap was subjected to differential centrifugation. 
Electrophoresis of the partially purified virus was then carried out 


in a sucrose density gradient column. Hiruki et al. (1974) used 
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n-butanol and 2% (w/v) PEG 20000 without NaCl to purify PVM. 

In PVS purification, Shepard (1970) clarified the virus- 
containing leaf homogenate with chloroform, subjected it to differential 
centrifugation and precipitated the virus with 5% (w/v) PEG 6000; the 
final purification was achieved by two additional cycles of differential 
centrifugation. Kozar and Sivers (1975) added 5% Triton X-100 to the 
phosphate buffer during homogenization of infected tomato leaves to 
increase the yield of PYS, which resulted in an 8-foid increase in 
serological titre of the virus preparation obtained. 

Despite of the reports on the purifications of PVM and PVS in 
the past only a limited amount of information is available on the 
quantitative estimation of yield, specific infectivity and the 
physicochemical properties of both viruses. The purposes of the present 
Study are: firstly, to purify these two viruses quantitatively by 
applying an improved PEG-NaCl precipitation technique and thus to 
provide large amounts of purified PVM and PVS for the later interaction 
Studies; secondly, examination of the purity of the virus preparations 
by ultraviolet (UV) absorption, electron microscopy, analytical and 
buoyant density centrifugations and thirdly, determination of the 
specific infectivity of purified PYM and PVS by using their respective 


local lesion hosts. 


MATERIALS AND METHODS 


A. Virus 


The Alberta isolate (AP-1) of PVM was propagated in 'King 
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Edward' potato. The infected plants were slightly stunted but otherwise 
appeared 'normal' (Plate 1, A). The Canadian ‘isolate A' of PVS, free 
from infections with other viruses including potato viruses M, X, and Y 
(Hiruki, 1975a), was multiplied in 'Netted Gem' potato (Plate ya ele In 
PVS-infected plants veinclearing and leafrolling symptoms were evident 
in the early stages of their growth. Freedom of the samples used in 
this study from PVX infection was ascertained by using Gomphrena 

globosa L. (Wilkinson and Blodgett, 1948). The potato plants were 

grown in 20-cm plastic pots containing a soil-mixture of 3 parts loam, 

1 part peatimoss and 1 part coarse-particle-size sand, and fed with 
commercial fertilizer (28-14-14) at intervals of 2-4 weeks, depending 

on growth conditions. The infected potato leaves, excluding mid-ribs, 
were harvested just prior to the blossom stage (1.5-2.0 months), put 

in polyethylene bags (200gm/bag) and stored in a deep freezer at -63.5°C 


until use. 


B. Local Lesion Hosts 

The selected seeds of 'Red Kidney' bean (RKB) (Town House brand, 
Empress Foods Ltd., Vancouver, B.C.) were sown in 10-cm clay pots 
containing steam-sterilized UC-mix II (C) (Matkin and Chandler, 1957). 
The plants were grown in a greenhouse at 17°42°C and cool-white 
Rasiimeasceniatlpese at am aiLens ity, OnsosccUuln (S00 .tt—c) (Hiruki.et al... 
1974) were used to maintain a 16-hr photoperiod per day during the 
winter. Only those seedlings with the trifoliate leaf-bud just emerged 
were selected for PVM bioassay (Hiruki, 1970). The RKB plants of this 
particular growth-stage were obtainable from 9 to 12 days after seeding, 


depending on season of the year (Hiruki, 1973). 
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Chenopodtum quinoa Willd. seeds, the C-selection (Hiruki, 
1975a), were initially germinated in disposable plastic trays (12 cm 
X 19 cm X 6 cm deep) containing UC-mix. The seeds were covered with 
a thin layer (3-4 mn) of the soil-mixture. After 10 to 12 days the 
uniform seedlings were selected and transplanted individually into the 
clay pots containing the soil-mixture. The plants were grown in the 
greenhouse and fertilized at regular intervals. The greenhouses were 
properly shaded on the roof throughout the summer while a 16-hr photo- 
period per day was maintained with supplementary Praoeeacent and 
incandescent lights at an intensity of 16,000 1x in the winter. The 
C. quinoa plants were most susceptible to PVS during the period between 


40-60 days after seeding (Hiruki, 1975a). 


Ce Furs tication 

The following method was used for purifying both PVM and PVS. 
Frozen infected-leaves (200 gm) were homogenized in the presence of 400 
ml buffer solution, which contained 0.5 M borate, 1% (w/v) sodium sul- 
phite and 0.2% (w/v) L-ascorbate, adjusted to pH 8.0 with sodium hydro- 
xide (NaOH), for 5 min using a Waring Blendor (Fig. 1). The green- 
colored juice was squeezed through two layers of cheese-cloth into a 


beaker kept in ice. The resulting sap sample amounting to 550-600 ml 


was transferred to a 2-litre volumetric flask and shaken vigorously with 


an equal volume of chloroform (Schneider, 1953) for 5 min. The emul- 

Sified mixture was transferred to six 250-ml polypropylene bottles and 
centrifuged at 8,000 rpm for 10 min (Sorvall model RC 2-B refrigerated 
centrifuge, GSA rotor). After the centrifugation three distinct layers 


were obtained. They were an amber-colored supernatant containing the 
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FIG. |. A flow diagram illustrating the purification 


procedure of potato virus M and potaio virus S. 
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virus, a whitish solid interphase coagulum (2.5-3.0 mm) of denatured 
protein and cell debris, and the chloroform solvent phase containing 
chloroplast-chlorophyll elements at the bottom. The supernatant was 
transferred into a i-litre beaker kept in ice, to which a mixture of 

7% (w/v) PEG 6000 (MW 6000-7500, J. T. Baker Chemical Co., N.J.) and 

4% (w/v) NaCl was added with continuous stirring until dissolved. The 
solution was kept at 4°C for 1.0-1.5 hr (Wagner et al., 1970; Reddy and 
Black, 1973) to facilitiate virus precipitation before being centrifuged 
at 10,000 rpm for 20 min. The virus in a pelleted form was suspended 
in 150 inl 0.05 M borate buffer adjusted to pH 8.0 with NaOH (hereafter 
referred to as borate buffer), overnight at 4°C. The suspension was 
centrifuged at 6,500 rpm for 10 min and the resulting supernatant was 
further centrifuged at 30,000 rpm for 2 hr (Beckman model L-4 
preparative ultracentrifuge, Spinco rotor 30). The pellets thus 
obtained consisted of virus as a clear gelatinous top-layer and the 
chloroplast debris at the bottom-layer. The top-layer was dissolved in 
40 ml of borate buffer and kept overnight at 4°C. The virus suspension 
was centrifuged at 8,000 rpm for 10 min and the supernatant was 
reprecipitated with 5% PEG and 4% NaCl. The pellet was dissolved in 
7-8 ml of borate buffer and kept overnight at 4°C. The supernatant 
containing tne purified virus was finally obtained by centrifuging the 


suspension at 10,000 rpm for 10 min. 


D. Electron Microscopy 
Droplets of diluted purified virus preparations were placed on 
200-mesh Formvar-coated copper grids and a droplet of 2% neutral sodium 


phosphotungstate (PTA) was added to each sample (Brenner and Horne, 
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1959). A few seconds later the mixtures were blotted dry and the 
stained samoles were examined immediately in a Philips 200 electron 
microscope at 60-80 kY¥Y. Leaf-dip preparations were also observed for 


comparison (Brandes, 1957). 


ES Analytical Centrifugation 

The sedimentation coefficient values of the purified PYM and PVS 
preparations were determined by the sedimentation-velocity method 
performed in a Beckman model E analytical centrifuge with built-in high 
intensity UV optical system and monochromater assembly. The prepara- 
tions of PVM or PVS purified by the PEG-NaCl method were subjected to 
furtner purification by 5-30% (w/v) sucrose density gradient centri fuga- 
tion (Brakke, 1951) at 25,000 rpm (Spinco SW25.1 rotor) for 2.5 hr, 
prior to the examination by analytical centrifugation. The resulting 
gradient samples were fractionated by an ISCO model D density gradient 
fractionator, dialysed by 5-7 changes of C.1 M phosphate buffer 
containing mono- and di-basic potassium phosphates, pH 7.0, and then 
centrifuged at 30,000 rpm at 20°C in the analytical centrifuge. The 
sedimenting boundary was monitored with UV optics at 2 or 4 min 
intervals for 24 min and the microdensitometer tracings of the films 
were obtained. In some runs the progression of the sedimenting boundary 
was measured by using a photoelectric scanner and a multiplexer 
accessory. The sedimentation coefficient was calculated by the 
graphical method (Markham, 1960) and was corrected to the solvent 


viscosity of water at 20°C. 
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Solutions of 20, 30 and 40% (w/v) cesium chloride (CsC1) were made 
in 0.01 M Tris buffer containing 0.1 M NaCl and 1 mM ethylenediamine 
tetraacetate, pH 7.5. About1 mlof the purified virus preparation was 
layered on the top of a discontinuous step gradient (Meselson et al., 
1957) made by 0.5 ml 20%, 1.0 ml 30% and 1.5 ml 40% CsCl in a 5-ml 
lusteroid tube, then the gradient tubes were centrifuged at 35,000 rpm 
for 20 hr at 4°C (Beckman model L-2 ultracentrifuge, Spinco SW 50.1 
rotor). Fractions of 0.2 ml each were obtained from the gradient by 
piercing the bottom of the centrifuge-tube and the absorbance of each 
fraction was determined at 260 nm. The refractive index of selected 
fractions was also obtained (Erma Refractometer, Tokyo) and converted 
to the density of CsCl in gm/ml (Anderson and Anderson, 1970). The 
virus fraction was dialysed against 8-10 changes of borate buffer and 


assayed for infectivity in its respective local lesion host. 


G. Standard Curves 

PVM and PVS preparations purified by the PEG-NaCl metnod were 
further subjected to sucrose density gradient centrifugation (see 
Section F), dialysed against 10 changes of double distilled water, and 


were lyophilized in a freeze-dryer (Vir Tis Co., Inc., Gardiner, N.Y.) 


at -40°C for 4 days. A known weight of the lyophilized virus-preparation 


was dissolved in borate buffer to different concentrations for the 
determination of their absorbance (A) at 260 nm using a Hitachi Perkin- 


Elmer model 139 UV-VIS spectrophotometer (Fig. 2). 


H. Specific infectivity 


Specific infectivity was determined by inoculating a respective 
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local lesion host witn a known amount of purified PYM or PVS. The 
primary leaves of RKB were used for PVM assay, and before inoculation 
the buds of trifoliate leaves were removed. For PVS assay, 2-4 well- 
serrated leaves of each C. quinoa were selected for inoculation. The 
leaves were dusted uniformly with 600-mesh (20-22 um) Carborundum 
(boron carbide, B,C, Norton Co. Canada Ltd., Hamilton, Ontario) prior 
to inoculation. Inoculation was made by gently stroking the leaf 
surface with a Q-tip [Cheseborough-Pond's (Canada) Ltd., Toronto] 
dipped in inoculum. A piece of folded paper-towel of a convenient 
Size was used to support the leaf at the under side during inoculation. 
Leaves were rinsed with distilled water immediately after inoculation. 
Two ml of virus suspension were applied separately to 62-64 half- 
leaves of RKB for PVM and 50-52 half-leaves of C. quinoa for PYS until 
the inoculum was exhausted. 

The inoculated C. quinoa plants were incubated in growth 
chambers at 27°42°C with a 16-hr photoperiod of 10,760 ix (1,000 ft-c) 
light intensity (Hiruki, 1975a), while RKB were incubated as described 


previously. 


RESULTS 


Due to the combined strong anti-oxidizing effect of sodium 
sulphite (Bald and Samuel, 1934) and ascorbic acid (Best, 1939; Fulton, 
1974) the extracted sap remained essentially green as expected. 
Purified preparations showed a UV-absorption spectrum, typical of 


purified virus preparations (Fig. 3). The values of A 260/280 were 
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FIG. 3. Ultraviolet-absorption spectra of purified potato 
virus M(PVM) and potato virus S (PVS) preparations, 


e——s PVM (4260/280 : 146) 
o——0 PVS (A260/280:148) 


Absorbance 


Wave - length( nm) 
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1.4640.04 and 1.48+0.03 for PVM and PVS respectively, which were within 
the range of the reported values for the carlavirus group (Table 1). 
The average virus yields were about 336 mg for PYM and 350 mg for PVS 
per kg of infected leaves. 

Brown necrotic lesions (0.4-0.7 mm) (Plate 1, B) incited by 
PVM appeared in 3-4 days in RKB and were counted 8-9 days after 
inoculation. As to PVS, chlorotic lesions first appeared in 5 days, 
then increased in size (1.0-1.5 mm) with a necrotic centre in 7 days 
(Plate 1,C), and the maximum lesion number was obtained in 8-9 days 
after inoculation. The specific infectivities for purified PVM and 
PVS were 3 and 55 local lesions per wg virus respectively. 

In electron microscopy the purified virus preparations were 
relatively free from host materials (Plate 2,A and B; Plate 3,A). 
However, in the length distribution of the virus preparations purified 
by the present method PVM showed three major peaks (Plate 2,C), while 
PVS formed a normal distribution pattern (Plate 3,B) with a modal 
length of 645-655nm (Wetter and Brandes, 1956; DeBokx, 1969; Hiruki and 
Shukla, 1973) when 300 particles were measured respectively. 

The sedimentation coefficient (S2o,¥) values, reported for the 
members of the carlavirus group, ranged from 136 to 172S (Table 1). In 
this investigation, the purified PVS preparation exhibited a single 
boundary in analytical centrifugation and the sedimentation coefficient 
was 148S. However, in the case of PVM, three sedimenting boundaries 


were noted, giving sedimentation coefficient values of 108, 99 and 90S 


respectively. This result seems to correlate with the histogram showing 


the particle length distribution of PVM (Plate 2,C), and may represent 


an artifact resulting from degradation of PYM during the prolonged 


35 


| ‘nati cele ‘hat tie Hal) vn o 
, OVER: a hal borenogga seni anoteat ott 0 
ays \ ai arin ‘ating is ‘at i 
ay Ab nf ah bantatde bw vachnuit ne 2 
bie ne, bart et cate twtsse¥ind 2 
hyheowths al 7 aunty @ pi Ne 
a isiaager a eur. hy belt 2 Mb 

A Bragetg (0 pow Acs ot!) o Tiago’ 2.2001 
bok} ett mdiasreqang ziini att to: ost 


a ne 


ott i. ca tet) antag ‘Roken, asc thy’ begat NV Be : ah 
“Font & rth ae 533 (9H) esate aatsigeeeetD ian * 
bits: bea eae wi 30 aie, eee parse 


200 baat eo a0 to seine Sooty 
i Fo SET x " ; 


entwode micron abd ama sisie | 10 | 


, Be aie: 
¥/ ah, 


36 


‘Desleny SNA O1lO9dS JO} {XO} BY Of 419JOY | 
(926 | ‘UOJuDgG PUD jUuN’g) SNIIA juao} SNssioIDN / 
(9261-OLEI'SESNIIA JUudjiq 40 suoHGl405 20 avv/TW :99JNOS) SOSNJIA JIDSOW spjdod 
PUD SXIDSOW UI@A JBAQ]O pas ‘yDosjs Dod ‘sn4IA yuaj;O] SNssiospU ‘sse}wodWAS 
Ayy ‘ajyyour py pedmoo‘g winweyjUDsAsyd “yuayp] UO!OUIDD : 84D pepNjoyy 


snuiA paiiind 10 / snsia bY 


_ GG ¢ / OU UIs 10907) Kyiaijoajul aijioeds 
FOr se 9G¢ 9¢¢ (senna - payoajul by 7 sa4iA Bul) Pier 
SS'1-601l Stl 9+ 082/092 V 
pS vel Gel ([ul/ Wb) \OS9 ul Aysueg yuohong 
(SEIBQPIAS) 
ZLI-9E1 StI (4801 (2s) yueinyy909 uoiDjUaUIpEs 
p S2SN4AD| IDO SAd WAd 


eens eer SPT TPE EE EP EE ES CE EE ST SE I 


‘SJOqUIaW SNJIADIJDD J8ULO PUD (SAd) § Shia oyDjod 


‘(WAd)W sna Oyo10d jo saisedoid jpoiBojoiq pup jpo1shyd swos jo uosiipdwog ‘| F1GVL 


f 
it 


t. 
i 
i 
é 
’. 
4 
i ‘ 7 
i: 
& 
f 


37 


purification procedure used in this study. In equilibrium density 
gradient centrifugation, the virus preparations purified by the present 
method showed only a single light scattering band in the CsCl gradient 
(Plate 3,C) and a single UV-absorption peak (Figs. 4 and 5). The 
buoyant densities of PVM and PVS were found to be 1.35 and 1.34 gm/ml 
respectively (Figs. 4 and 5). The virus fraction recovered from the CsCl 
density gradient after exhaustive dialysis had extremely low infectivity 
for PVS (2.4 lesions/half-leaf in 24 half-leaves) and none for PVM when 


assayed on their respective local lesion hosts. 


DISCUSSION 


A precipitation method using PEG and NaCl has been applied as 
a simple but efficient means of purifying bacteriophages, animal and 
plant viruses (Leberman, 1966; Gooding and Hebert, 1967; Kanarek and 
Tribe, 1967; van Kammen, 1967; Albrechtova and Klir, 1968; Yamamoto 
et al., 1970; Hsu and Black, 1973). Furthermore, the ease in the 
application of the procedures, another advantage of using this method, 
made quantitative purification of unstable viruses possible. 

In separate experiments carried out along with this investigation, 
several other methods for PVM and PVS purification from the literature 
(see Introduction section) were tried out, but resulted in the virus 
yields ranging from 2 to 30 mg per kg of infected leaves (Lau, 
unpublished data). Hddrejarv et al. (1970) were able to obtain a 
yield of 10-15 mg purified PVM (strain Mo 4) per kg of leaf material. 


Qther reported data on the yield of carlaviruses were: 2-5 mg for CMMV 
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(Brunt and Kenten, 1973), c.25 and 40 mg per kg of infected leaves for 
NLV and PMV respectively (Brunt and Barton, 1976). All these authors 
did not use the PEG-NaC1 method in their purification procedures. In 
the present method, however, about a 10-fold increase in yield of 
purified viruses over the previously reported values for PVM and PVS 
was obtained. 

In this study, the brief mixing of chloroform with sap 
containing PVS in the initial step of purification did not result in 
virus inactivation as reported previously with other viruses (Damirdagh 
and Shepherd, 1970; Howell and Mink, 1976). However, the same treatment 
resulted in much lower specific infectivity in the case of PYM, which 
may indicate some partial degradation of virus particles as revealed by 
electron microscopy and sedimentation data. 

Paliwal and Tremaine (1976) reported that side-to-side 
aggregation of ryegrass mosaic virus particles was minimized by 
suspending the virus in buffer at pH 8.0. More aggregation was found 
at acidic than at alkaline pH with CMMV, another carlavirus member 
(Brunt and Kenten, 1973). In the present investigation, the use of 
alkaline buffer was also found suitable in preventing virus aggregation. 
When the purified virus preparations were suspended in borate buffer and 
stored at -63.5°C, homogeneous virus Suspensions were consistently 
obtained after thawing. In contrast, virus aggregates occurred after 
thawing the purified virus preparations that had been suspended in double 
distilled water (pH 5.6). Kaper and Siberg (1969) reported that turnip 
yellow mosaic virus (TYMV), suspended in water and incubated at -75°C, 
dissociated into RNA and capsid when thawed, and they suggested the 


RNA's bound to the insoluble protein fragments forming aggregates. 
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The values of the buoyant density of both viruses were similar 
and were comparable to that of the NLV (Table 1), the only other 
carlavirus member whose buoyant density value has been reported 
recently (Brunt and Barton, 1976): Yet the sedimentation coefficient 
of PVM was much lower than that of PVS and those of certain other 
carlavirus members. Besides degradation, perhaps many empty particles, 
especially those having the "normal length" might be present in the 
purified PVM preparations. However, the data pertaining to the UV- 
absorption spectrum of the PVM preparations used in this investigation 
did not suggest the presence of such defective forms to the extent 
detectable. 

In contrast to isometric viruses (Bancroft, 1962), CsCl 
isopycnic banding resulted in tremendous losses of virus infectivity 
and thus was unsuitable for the purification of PVM and PVS. The 
exposure of other filamentous viruses to certain heavy salt solutions 
resulted in marked aggregation, and in some cases even complete 
degradation of virus particles occurred (Damirdagh and Shepherd, 1970; 
Rao, 1977). In this investigation, the UV-absorption spectrum of PVM 
indicated that a light-scattering material was present beneath the 
meniscus (fraction no. 14), indicating the occurrence of degradation 
of virus particles (Fig. 4). 

Unlike ammonium sulphate, tne precipitation with PEG-NaCl is 
more selective and the virus could be precipitated regardless of its 
concentration. Furthermore, if ribosomes were present initially in the 
preparation, they were not precipitated unless the concentration of 
PEG 6000 was increased to 10%(w/v) or higher (Yamamoto et al., 1970). 


Thus, the purified virus preparations by the present method were 


4] 
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apparently free of ribosome contamination as indicated by electron 
microscopy (Plates 2,A and 3,A), analytical and buoyant density 
centrifugations. Shepard (1970) also reported a similar observation 
from the electron microscopy of the PEG-NaCl purified PVS and PVX 


preparations. 


CHAPTER IV 


BIOASSAY 


INTRODUCTION 


Bagnall et al. (1956b, 1959) reported that PVM incited irregular 
reddish spot or ring-like lesions on the inoculated primary leaves of 
Vigna stnensis Endl. (cowpea) 14 days after inoculation, and that D. 
metel produced chlorotic local lesions 8 days after inoculation prior 
to systemic chlorotic spotting. As a local lesion host RKB is useful 
for PVM bioassay (Hiruki, 1970, 1973; Dziewofiska and Ostrowska, 1973; 
Hiruki et al., 1974). Ross (1968) and Kowalska and WaS (1976) reported 
L. chilense Dun. as a reliable indicator plant for PVM. 

With regard to assay hosts for PVS, Yarwood and Gold (1955) 
reported Cyamopsis tetragonaloba (L.) Taub. (guar) as a local lesion 
host. However, later it was found that these lesions were identical 
with those of PVM (Bagnall et al., 1956b, 1959). Ross (1968) also 
reported 2. chtlense as a useful assay plant for PVS. PVS incited 
necrotic lesions on Saracha umbellata Don. (Bagnall et al., 1956b) and 
C. albun L. responded with chlorotic spots in about 20 days after 
inoculation (Bagnall et al., 1956b, 1959; Scholz, 1965b; Vulié and 
Hunnius, 1967b). Loughnane (1958) found that Beta maerocarpa (annual 


beet) developed local lesions in about 20 days. C. amaranticolor Coste 
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and Reyn. was also found to be a local lesion host for PVS (Hollings, 
1956), and Vulié and Hunnius (1967b) reported C. guinoa, C. albun, C. 
anarantteolor, and G. globosa as the assay hosts for PyS in descending 
order of their sensitivity and efficiency. Other workers (Vulié and 
Hunnius, 1967b; de Bokx, 1970; Cupertino et al., 1970; Hiruki, 1975a; 
Kowalska and WaS, 1976) also agreed unanimously that C. qutnoa was the 
useful local lesion host for PVS. 

The optimal assay conditions for both local lesion host and 
virus inoculum have been studied extensively for PVM (Hiruki, 1970, 
1973; Dziewonska and Ostrowska, 1973; Hiruki et al., 1974; Kowalska and 
WaS, 1976) and for PVS (Hiruki, 1975a; Kowalska and Wa$, 1976) in 
respect to plant age, buffer concentration and pH, dilution curve, 
post-inoculation temperature and light intensity for maximal lesion 
development. 

Environmental conditions, such as variations in illumination 
and temperature, influence the susceptibility of many host plants to 
virus infection. Bawden and Roberts (1947, 1948) discovered that pre- 
inoculation shading or darkening of test plants for 24 or 48 hr resulted 
from 2- to 10-fold increases in lesion number with 4 viruses tested. 
Subsequently, shading or darkening plants for 1-2 days before inocula- 
tion was employed routinely to increase the susceptibility of test 
plants with viruses that were difficult to transmit (Kassanis, 1949; 
Watson, 1952). At the same time, the significance of temperature effect 
on virus infectivity should not be overlooked. Post-inoculation 
temperature affected directly the local lesion production in assay hosts 
(Frost and Harrison, 1967; Hiruki, 1975a). Tobacco ringspot virus in 


sap was found inactivited after 1 day at 20°C, but retained its 
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infectivity for 85 days at -5°C (Priode, 1928), while tomato spotted 
wilt virus was inactivated in 3 hr at room temperature (Bald and 
Samuel, 1934). Bawden and Pirie (1950, 1957) found that freezing 
minced leaves or expressed sap did not inactivate TNV. 

In the present study, the effects of dark treatment and post- 
inoculation temperature on the local lesion hosts, and post storage 
temperature effect on virus infectivity were investigated. In addition, 
assays of PVM infectivity at different growth stages of infected potato 
plants and the reciprocal inoculations of PVM and PVS on their 


respective local lesion hosts were carried out. 


MATERIALS AND METHODS 


Sap from infected potato leaves was extracted by using a mortar 
and pestle at a 1:10 (w/v) ratio in 0.057 M phosphate buffer 
containing mono- and di-basic potassium phosphates, pH 8.0 (hereafter 
referred to as phosphate buffer), as inoculum (Hiruki et al., 1974; 
Hiruki, 1975a) in all experiments described below. Inoculation pro- 
cedure and incubation conditions were essentially the same as described 
before (Chapter III, Specific infectivity section). All experiments 
were done by using the half-leaf method with the balanced distribution 
of treatments wherever possible (Holmes, 1929; Samuel and Bald, 1933; 
Loring, 1937). Immediately after inoculation the leaf was tilted to 
one side for washing with distilled water from a wash-bottle to avoid 


contamination of the opposite half leaf. 
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A. Dark Treatment 

Five vigorously growing 8-day-old RKB and 5 uniformly grown 40- 
day-old C. quinoa (2 leaves/plant) plants were placed in a ventilated 
darkchamber [internal measurement (cm): 113(length), 60(width) and 45 
(depth) ] and kept in a greenhouse for 48-hr dark treatment at 20°42°C. 
On the second day, the same number of assay plants from the same batches 
were added for 24-hr dark treatment. On the third day, the treated 
plants along with the same numbers of untreated plants from the same 
batches were inoculated with sap samples containing PVM and PVS 


respectively. 


B. Post-inoculation Temperature 
RKB plants inoculated with PVM, 12 half-leaves per treatment, 
were placed separately in controlled growth chambers set at 17°, 22°, 


27°, and 32°C, with a 16-hr photoperiod of 5,380 1x. 


By Post Storage Temperature 
a.  Infeettvity of PVM and PVS extracted from infected potato leaves 
after storage at different temperatures 

PYM-or PVS-infected potato leaves were harvested, cut, mixed, 
and divided into 3 batches of 0.2 gm each. The leaves were enclosed 
in polyethylene bags and one half of each virus sample was stored at 4°C 
for 6 days, while the remaining half was kept frozen at -63.5°C. After 
3 days of storage at -63.5°C one of each virus sample was thawed at 
room temperature for 0.5 hr before being refrozen at -63.5°C. Infec- 
tivity of both viruses in the leaf samples from different temperature 


treatments was determined after 6-day-storage. Concurrently, fresh 
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sap extracted from the leaves of the same PVM- or PVS-infected potato 
plants were tested as controls. 
b. Infectivity of PVM extracted from frozen tnfected potato leaves at 
vartous time intervals after tneubation at 4° or at 24°C 
PVM-infected leaves were harvested from a'King Edward’ plant, 
cut, mixed, and divided into 11 batches of 0.2 gm each. Each sample 
was enclosed in a polyethylene bag and stored immediately at -63.5°C 
for 6 days before removing 5 batches each for incubation at 4° or at 
24°C. For a control at zero time, infectivity assay was carried out 
immediately after extraction. Samples incubated at 4° or at 24°C were 


tested for their infectivity at 0.5-, 2-, 8-, 24- and 48-hr intervals. 


D. Assay of PVM Infectivity at Different Growth Stages of Infected 
Potato Plants 

PVM-infected tubers of 'King Edward' were seeded as described 
before (Chapter II, Virus section). The first leaf samples, 0.2 gm 
each, were harvested from the first fully developed leaves 22 days after 
seeding. At the same time, the plant height and the height of leaves 
sampled were recorded. A total of 10 leaf samples was harvested at 3- 
day intervals, then individually enclosed in a polyethylene bag and 


stored immediately at -63.5°C until use. 


Es Reciprocal Inoculation 

A total of 24 half-leaves of RKB and C. quinoa were inoculated 
respectively with a sap sample of PVM from ‘King Edward’ leaves. After 
9 days, the inoculated leaves of C. quinoa were harvested and ground for 


back inoculation on RKB. Leaf-dip preparations from the inoculated 
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C. quinoa leaves were prepared by sliding the freshly cut leaf edge 
across a droplet of 2% neutral PTA resting on a 200-mesh Formvar- 
coated copper grid, blotted dry, and examined immediately in a Philips 
EM200 at 60-80 kV. Similar duplicated tests also were carried out for 


PVS in the reversal sequence of inoculation of the local lesion hosts. 


F. Infectivity Index 
In the present study the following formula was used to obtain 


an infectivity index from local lesion counts. 


Average number of local lesion obtained in test 


An infectivity Index=7 7 erage number of local lesion obtained in control 


RESULTS AND DISCUSSION 


A. Dark Treatment 

The RKB plants that had been subjected to the dark treatment 
were pale in color and fragile upon touching. Two to 6-fold increases 
in susceptibility were demonstrated in local lesion number (Table 2). 


In both PVM and PVS infection the number of local lesions obtained was 


much higher in the 48-hr dark treatment. In an earlier experiment, where 


aluminum foil was used to cover the opposite half-leaf for dark treat- 
ment, no increase in susceptibility was observed (Hiruki et al., 1974). 
This might have been due in part to some possibilities that photo- 
synthetic products as well as water are freely translocated throughout 
the plant so as to compensate the resulting effects of dark treatment 


in the covered portions of the leaves. Therefore, dark treatment of 
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TABLE 2. Effect of dark-treatment on the susceptibility of Red 


Kidney’ bean (RKB) and Chenopodium guinoa to potato virus M and 
potato virus S, respectively. 


; a b Dark-treatment * 
Local lesion host Plantno. Control 


24 hr 48 hr 

| 35 74 196 

2 28 35 153 

RK B 3 20 a2 231 

4 a2 54 94 

5 16 32 138 
Lesion no. /half-leaf 6.6 11.2 40.6 
Standard error 0.9 2.0 5.9 
Infectivity index 1.0 Pad 6.2 

| 172 545 1256 

2 193 836 110 

C. quinoa S 145 796 955 

4 322 1051 1613 

5 186 659 1321 
Lesion no./half-leaf 50.9 194.4 312.3 
Standard error Tot Fay bene PAE be 
Infectivity index 1.0 3.8 6.1 


"Four half-leaves per plant were inoculated. 
* inoculum: sap was extracted at a 1:10 (w/v) ratio in O.O57M 
phosphate buffer, pH 8.0. 


“Dark-chamber temperature: 2042°C. 
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the whole plant is essential to obtain increased susceptibility. The 
results from the 24-hr dark treatment of C. quinoa essentially confirmed 
those of Hiruki's (1975a) although the 48-hr dark treatment in this 
investigation resulted in even higher susceptibility. It has been 
reported that the longer the test plants remained in the darkness (up 

to 6 days), the more susceptible they became to the subsequent virus 
infection (Bawden and Roberts, 1948; Costa and Bennett, 1955; Kimmins, 
1967). 

The inhibitory effect of photosynthetic products on virus multi- 
plication was suggested initially (Bawden and Roberts, 1947, 1948; 
Yarwood, 1952; Wiltshire, 1956). However, when the inhibitory effect 
of untreated plant sap was tested against the sap from the dark-treated 
plant no significant difference was obtained (Bawden and Roberts, 1948). 
Kimmins (1967) and Kimmins and Litz (1967) found that pre-inoculation 
treatments in high humidity and darkness increased susceptibility, but 
when the relative humidity was reduced to 20%, the magnitude of the 
increase lessened in both darkened and illuminated plants. Therefore, 
these authors hypothesized that a greater number of infectible sites 
were rendered available in darkened plants by the increase of leaf 


turgor pressure. 


hs Post-inoculation Temperature 

In two separate experiments RKB plants inoculated with PVM 
showed consistently much higher local lesion number at 17°C (Fig. 6), 
while at or over 27°C the number of lesions drastically decreased. 
Using the same local lesion host, Kowalska and WaS (1976) reported 


that in the temperature range between 16° to 22°C PVM lesions developed 
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FIG. 6. The effect of post-inoculation temperature on the local 
lesion number of polato virus M in ‘Red Kidney’ bean. 
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best, but not at 28°C. Using D. meteZ Bagnall et al. (1956b) found 
that the temperatures between 18° to 20°C were most suitable for the 
development of local and systemic spot symptoms incited by PVM. Even 
in potato plants symptoms of PVM infection was reportedly most pro- 
nounced at 16°C (Chrzanowska, 1973; Dziewofska and Ostrowska, 1973). 

Post-inoculation temperature has its effects both directly on 
the virus and/or indirectly on the susceptibility of the host plant. 
Raising the temperature beyond the TIP of virus may increase the chances 
that particles become inactivated before they can start to reproduce in 
the host cells (Harrison, 1956). Frost and Harrison (1967) suggested 
that virus inactivating systems of the host were stimulated more 


efficiently at a higher temperature. 


Ce Post Storage Temperature 
a. Infecttvtty of PVM and PVS extracted from infected potato leaves 
after storage at different temperatures 

Tne highest infectivity was obtained from the constantly frozen 
leaf samples of PVM and PVS (Fig. 7). These results correlated well 
with Stanley's (1940) similar experiment in which at a 1:10 dilution of 
sap containing tomato bushy stunt virus a 1.6-fold increase in 
infectivity was obtained from the sample that had been frozen at -12°C 
over the fresh control sample. In the present virus-host systems, 1.3- 
to 1.4-fold increases in infectivity were obtained (Table 3). Harrison 
(1956) also found that the frozen sample of TNV-infected leaves gave 
higher infectivity than the fresh one or the sample that had been kept 
at 22° or at 30°C for 3 days. Therefore, freezing infected leaves, or 


sap from such leaves have little effect on some viruses (Matthews, 
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FIG. 7 Infectivity of potato virus M(PVM) and potato virus S (PVS), 
extracted from infected potato leaves, in ‘Red Kidney’ bean and Cheno- 
podium quinoa, respectively, after storage at different temperatures. 
Infected fresh leaves from the same plants were used as controls. 
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TABLE 3. Lesion counts: Infectivity of potato virus M and potato virus S, 
extracted from infected potato leaves, in ‘Red Kidney’ bean (RKB) and Chenopodium 
guinoa, respectively, after storage at different temperatures. infected fresh leaves 


from the same plants were used as controls. 


Loca! lesion Half- Fresh sap) = 4°C -63.5°C Frozen-thaw-refrozen 
leaf ; 
host? no. (O time) (6 days) (days) (3 days-30 -3 days) 
SRP Sr RR SS RE CS EE CSR ES ENR PEABO EOP CES TAREE I 2 SERRE SRL AOE SS EE OD 
| 9 2 i2 2 
2 é O 5 | 
3 17 6 20 6 
4 4 8) 6 ; 
BK8 5 5 I 6 ! 
6 14 5 15 4 
i 10 2 19 5 
8 3) 2 22 5 
Mean 10.1 235 Be i 3.1 
Standard errcr 1.7 0.8 2.4 0:7 
Infectivity 1.0 Ore nS OF) 
index 
| 20 3 32 14 
2 14 6) 10 6 
3 15 0 25 4 
4 34 4 45 20 
S9H208, 5 17 2 31 10 
6 19 2 wy i2 
if 35 6 roy 7 
8 16 2 3| lt 
Mean 21.9 2.4 29.8 11.8 
Standard error S20 0.7 3.4 1.9 
Infectivity 1.0 0.1 1.4 0.5 
index 
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7 Inoculum: sap was extracted ata 1:10 (w/v) ratio in 0.057 M phosphate 
buffer, pH 8.0. 
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1970). 

A plausible explanation for the higher infectivity obtained from 
the frozen samples could be that when the leaves thaw the virus 
particles are more readily released after the complete disorganization 
of the cells and that the oxidative enzymes are still in a less active 
State at such low temperatures. While temperatures near -20°C were 
claimed to be satisfactory for short term storage (c. 1 year) of some 
labile viruses (McKinney and Silber, 1968), Meryman (1956) found that 
all chemical denaturation processes would only appear to stop near 
-100°C. 

The infectivity of the samples subjected to the frozen-thaw- 
refrozen treatment was lower than that of the fresh ones for both PVM 
and PVS (Fig. 7}. However, the 30-min thawing of the frozen samples 
at room temperature was insufficient for virus inactivation. 
be Infeettvity of PVM extracted from frozen tnfected potato leaves 

at vartous time intervals after tneubatton at 4° or at 24°C 

At zero time the local lesion number obtained was relatively 
Tow. PVM extracted from potato leaves that had been frozen and then 
incubated for 2 and 0.5 hr at 4° and at 24°C respectively, produced the 
highest number of local lesions (Fig. 8). Thereafter the lesion number 
steadily decreased up to 48 hr of incubation. Fulton (1957) reported 
that 4 Prunus virus isolates lost their infectivity rapidly in cucurbit 
Sap at 24°C but this loss was slower at O°C. Prune dwarf, sour cherry 
recurrent necrotic ringspot and necrotic ringspot viruses also were 
found losing their infecticity in sap after few hours at room tempera- 


ture (Hampton and Fulton, 1961). 
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FIG. 8. Infectivity of potato virus M extracted from frozen 
infected potato leaves at various time intervals after their 
incubation at 4° or at 24°C, 
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D. Assay of PYM Infectivity at Different Growth Stages of Infected 
Potato Plants 

In both experiments, the relative concentration of PVM estimated 
by bioassay was initially high, then fluctuated until it reached its 
maxima just before the blossom stage (Fig. 9). Virus concentration 
remained low after the appearance of blossoms. The concentration of 
PVM in infected 'King Edward’ potato plants reached a maximum 40 days 
after seeding. This result agrees with Chrzanowska's (1973) in which 
serological detection of PVM was best with sap similarly obtained from 
the upper 2nd, 3rd and 4th leaves of plants aged 5 to 7 weeks. Bartels 
(1966) also found by serological tests that infected potato and tomato 
plants showed that PVM was evenly distributed throughout the foliage 
initially, but after 5 and 8 weeks, respectively, it was generally 
found only in the upper parts of the plants. Similarly, Wetter (1957) 
found that with most potato varieties tested, the PVS concentration was 


highest in leaves just below the growing tip of the shoots. 


ae Reciprocal Inoculation 

PVM was not recovered from PVM-inoculated C. quinoa leaves to 
RKB; nor could PVM particles be demonstrated by electron microscopy 
using the same inoculated samples. Similarly, PVS was not detected from 
the RKB inoculated with PVS by using the same methods. These results 
agreed with earlier observations (Hiruki, 1970; Hiruki, unpublished 
data). Thus, taking advantage of this system the interaction of 
these two viruses could be studied in their respective local lesion 


hosts. 
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FIG. 9. Determination of the infectivity of potato virus M in 
‘Red Kidney’ bean at different growth stages of infected ‘King 
Edward’ potato plants. 
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CHAPTER V 


INTERACTION BETWEEN PYM AND PVS IN LOCAL LESION HOST 


INTRODUCTION 


Although PVM and PVS coexisted in 'King Edward' potatoes, their 
intermediate types were never found, and this result suggested the 
lack of genetic recombination between them (Kassanis, 1963). The 
biological interaction between these two viruses, nevertheless, still 
remain to be understood. As seen in the foregoing literature review, 
the use of sap as virus inoculum in virus interaction studies may 
inevitably result in some undesirable interference between host 
inhibitors and the interacting viruses, leading to unclear, inconclusive 
results. Therefore, in the present study purified preparations of PVM, 
PVS, and their RNA and protein components were used to investigate 
their biological interactions quantitatively in their respective local 


lesion hosts. 


MATERIALS AND METHODS 


A. Interaction Between Intact PVM and PVS 
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a.  Stmultaneous tnoculatton 

Purified PVM and PVS were mixed in ratios of 1:1, 1:5 and 1:10 
respectively, and the volume of Sadh mixed-virus inoculum was kept 
constant. The inocula containing PVM and PVS, paired with the inoculum 
containing PVM only as a control, were applied to RKB. The same 
treatments, except in the reverse order, were also carried out in 
C. quinoa. 
b. Pre- and post-tnoculattons 

In pre-inoculation treatments, inoculation with PVM was carried 
out using !2 half-leaves of RKB per treatment, and was followed by the 
secondary inoculations with PVS at 0-, 1-, 5-, and 10-hr intervals 
respectively. In post-inoculation treatments, inoculation in the 
reverse order was made also using RKB at the same time. Inoculum 
containing PVM and phosphate buffer, replacing the same volume of PVS, 
was applied as a control on the opposite half-leaves. Phosphate buffer 
alone was also applied to the control half-leaves at the same time when 
the second virus was applied at the. scheduled time intervals. Daily 
counts of local lesions were made at the fixed time as soon as they were 
visible. The increment curves were obtained from the local lesion 
counts for each treatment. The same procedures were used in assaying 
the infectivity of PVS in the presence of PVM in C. qutnoa. 
e. Simultaneous separate tnoculattons of upper and lower epidermal 

layers 

Inoculation with PVM was made to the upper epidermis of 12 whole 
leaves from 12 RKB plants. The lower epidermis of half-leaves was 
inoculated with PVS and the remaining half-leaves with phosphate buffer. 


Inoculations were made in the reverse order to the other 12 leaves. 


Sadish 
ne 


e ~- - : 5 Sr aa a ey tee ee! 
id ; a ee a Pn ah | je a. P ae S » 
cy Res ob See Sty a {K&S mF) Lid ’ ae, Os Bie > vere 
; ae . i he eee es 4 
ae { i‘ fi : ; ene a e Ue 
é eve." ra Joh abs cin 
oo ie . / ye ple } * ne Fe rm 
- Brand i : rooty & pe c 
Char, «hey iy rh Sales bait . anne tik - 
nt ee 
~ oo 
aa a e 4 
. ‘ y j { t 2h ORT 
“ Ww 
; 
: ; é ee 
& Pet PE BOCS. a 
F = 
9 i Ee * : 
fe +4 ete), . 
bee G 
7 2 + 
u ¥ Need Ve x. 2 t ‘ 
i Y 2) 
*? i 
, oo A 7 5. 
t 7 wy el as Set Be ik: 
- @4 2 Jus > ig Ay Poke Bees yee 
7 ; } 
5 S 
z > 
" 
‘ ‘ ; : 
PAP UNC Ge 2 det Air. 
* i } v + =, = 
fodw' St To ‘etweb 
‘ar Tau 
" yy it 
mek ces ' 
ci ad 24V 8S Lt 
i) a 
~ ‘ ' ey x : M \ f 
y “i a x ey 
7 : 
te S. 
Sie aa 
ast on 4s 
, ; a . {; 
Fj «One 
/ 
1 
i 
i 
“i Le Paste 
Y ‘ 


6] 


Similar treatments, in the reverse sequence, were repeated in 


C. qutnoa. 


B. Interaction Between Intact Virus, Viral Ribonucleic Acids (RNA's), 
Yeast-RNA and Coat-protein 

a. Isolatton of vtral RNA's and coat-protetns 

The viral RNA's were isolated by the phenol method (Fraenkel- 
Conrat et al., 1961). The UV-absorption spectrum and the infectivity 
of each viral RNA preparation were determined. The coat-proteins were 
isolated by the acetic acid method (Fraenkel-Conrat, 1957) and the 
resulting preparations were free from intact virus particles when 
Subjected to electron microscopic examinations. The coat-proteins 
were dissolved in 0.1 N sodium hydroxide, adjusted to pH 8.0, and stored 
in a deep freezer until use. 
b. Interactton Between intact virus and vtral RNA of the counterpart 

A fixed amount of PVM was added to two concentrations of PVS-RNA 
and applied separately to RKB plants. The same concentration of PVM 
was used as a control. Inoculum containing PVS and PVM-RNA was 
Similarly tested in C. quinoa, with a comparable control containing PVS 
only. 
e.  Stmultaneous tnoculatton with PVYM- and PVS-RNA's 

A fixed amount of PVM-RNA was mixed separately with two samples 
containing different amounts of PVS-RNA for bioassay in RKB, using PVM- 
RNA only as a control on the opposite half-leaf. Similar treatments 
were also carried out in the reverse order in C. quinoa. 
d. Simultaneous tnoculatton wtth intaet vtrus and vtral coat-protein 


of the counterpart 


i A - ‘ an 
cai Jae ee By: He a 
Ae S iv ; nna bait : 


aeW entogorg-?b00 | edt ‘sean ies 
gait as, (eer <Aoaned-Tednger’) b s 
gate eal lsqng aynty, dontpt ot Bs 
ant ediniqetiso9 ant venetogn mts | 


sare tion om we a Ce Lito, ein ici suptad set e® woltag 
Nei FENG 0 2 200 Keowtneo0 ond ot tehbe ‘eow MVS we) FRYERS sine, fe 


v4. An, not itenaidanns: ong. aah» eanelq. as at Estevscgesh igh fk 
es wi AMS -H¥S bas 2v9 oniatetion tuyli2ont . -Sontn00 6 
evs Ashe aie fordnaa, —— 6 me efeolen, 2 al | 


ney 2 


Pa ‘ ] " : ay 
ae ay ee ‘ei ce 


a ay 


62 


A fixed amount of PYM was mixed with two preparations containing 
different amounts of PVS coat-protein and the mixtures were applied 
separately to RKB plants. Inoculum containing PVM only was applied as 
a control. The same procedures were applied to C. guinoa using inocula 
containina PVS and PVM coat-protein as tests and PVS only as a control. 
e. Detection of endogenous ribonuclease (RNase) acttvtty 

A fixed amount of PVM-RNA was mixed with a series of 10-fold 
dilutions of PVS using phosphate buffer. Five inocula containing PVM 
and PVS in different ratios were prepared and were applied separately 
to RKB plants. Unmixed PVM-RNA inoculum was used as a control. The 
same treatments were carried out in C. qutnoa with PVS-RNA plus PVM as 
test inoculum and PVS-RNA as a control. 

f. Effect of endogenous RNase on PVS-RNA infectivity tn the presence 
of yeast-RNA 

A standard concentration curve of yeast-RNA (Calbiochem, Los 
Angeles) was obtained by determining absorbance of solutions containing 
different amount of yeast RNA at 258 nm (Fig. 10). Fixed amounts of 
PVS-RNA and PVM were mixed with pnosphate buffer and two different 
concentrations of yeast-RNA respectively. The three mixed-inocula were 
applied separately to C. quinoa, while PVS-RNA at the same concentration 
was applied to the opposite half-leaf as a control. The experiment was 
repeated with a higher concentration of PVS-RNA. 

g.  Sttmulatory tndex 
In the present study the following formula was used to obtain a 


stimulatory index from local lesion counts. 


: _ Average number of local lesion obtained in test 
peut ater y iges Average number of local lesion obtained in control 
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FIG. 10. A Standard curve showing the absorbance values 
of yeast-ribonucleic acid (RNA) of different concentrations 
determined at 258nm. 
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RESULTS 


A. Interaction Between Intact PVM and PVS 
a. <Stmultaneous tnoculatton 

Marked increases in local lesion number were obtained in RKB 
and C. quinoa in the presence of the counterpart (Figs. 11 and 12). In 
RKB the increase was more prominent as the amount of added PVS increased 
and the stimulatory index ranged from 1.4 to 7.1 (Tables 4A and 4B). 
However, in C. quinoa the lesion numbers incited by inocula containing 
PVM and PVS in the ratios of 1:5 and 1:10 did not differ significantly. 
The stimulatory index ranged from 1.4 to 2.1 for PVS in C. quinoa 
(Tables 5A and 5B). In application of phosphate buffer only, no lesion 
was incited in both hosts as expected. 
b.  Pre- and post-tnoculattons 

At zero time immediate, sequential inoculations were made with 
PVM and PVS separately. Similar inoculations in the reverse order were 
made as well. These treatments consistently resulted in the highest 
infectivity of the test virus, and the extent of the stimulatory effect 
was comparable to that obtained from simultaneous inoculation 
experiments described in the foregoing section. The pre or post- 
inoculations with PVM or PVS at different time intervals resulted in 
the limited stimulation of the infectivity of the counterpart (Figs. 
13A and 13B). In general, the post-inoculation experiments showed 
Slightly higher stimulatory indexes than those obtained in the pre- 
inoculation experiments in both hosts (Table 6.). The stimulatory 
indexes decreased as the time interval between the pre- and post- 


inoculations was prolonged. 
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FIG. Il. Increases in the local lesion number of potato virus M 
obtained by applying a mixed inoculum of purified potato viruses M and 
S in different ratios to ‘Red Kidney’ bean. 
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FIG. 12. Increases in the local lesion number of potato virus S 
obtained by applying a mixed inoculum of purified potato viruses S and 
M in different ratios to Chenopodium quinoa. 
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TABLE 4A. The local lesion numbers obtained from simultaneous applica- 
tion of purified potato virus M (PVM) and potato virus S (PVS) mixed in 
different ratios to ‘Red Kidney’ bean. Expt / 


Lesion no. /half-leaf 


"alialeet eer, R eal c (ks C iid 
| 8 0 42.26 20 39 bar” at 
2 is. 6 2h 19 17 30 7 54 
3 2 6 24 15 33 23 96 
4 bk it 30 13 48 16 67 
5 S./ 49 13 32 La) 23 10 45 
6 £40 Ha by 21 28 6 73 
7 ih 7 36 19 79 7 64 
8 Zr. 10 50 6 59 ll 85 
9 Ke 0 2h KS 28 75 9 133 
10 G. 9 26 11 bo Sz 13 101 
i ua) *O 12 54 Ager 25 110 
12 is g 24 38 11 57 12 96 
13 2% 6 9 23 13 64 8 69 
14 10 0 [hy °32 20 35 5 97 
Mean 12.3 0 141 286 154463 I17 83.6 
Standard 1.6 0 iL? 954 1S 5.1 16 63 
error 
Stimulatory 2.0 3.1 tal 
index 


7 C=control, PVM only. 
5 P= 0.057 M phosphate buffer (oH 8.0) only. 


“l:!=!part PVM+! part PVS; I:5= | part PVM+5parts PVS i 1:10= 
| part PVM +10 parts PVS. 
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TABLE 48. The local lesion numbers obtained from simultaneous appli- 
cation of purified potato virus M(PVM)and potato virus S(PVS) mixed in 
different ratios to ‘Red Kidney’bean. Expt // 


Lesion no./ halt -leat 


Holf teof meget reas C Tese C 10° 
iar 1301 ewe 13 97 
2 8 0 20, ariee 9 31 32 128 
3 30 0 Ho se nae 25 101 
4 DEAS Ren 29 17 39 25 125 
5 ee 1g 33 13 34 E4028 
6 Kae 25 24 8 25 TRE 
7 Ba 2G 14 15 21 36 8 6I 
8 13 0 Rowe i at 17 45 
9 DEN 16 34 19 43 15 39 
10 OTe eG MEN Ey Si 
7 Es) 210 aie 35 44 9 35 
12 Beh ho Dp De 24 32 15 49 
13 1g 0 aes ZoneeA le 44 
14 14 0 1411 16 41 21 89 
15 19 0 10 39 9 34 14 98 
16 gene 13 34 12 48 10 52 
17 18 0 LS ae ae 30 79 
18 ip a 15 13 Lor ake 23 78 
19 13 0 aie eis 25 37 17 100 
20 hoktG Reeth 12 23 16 54 
21 15 0 21 19 2a 3¢ 24 75 
22 3 ae 13 26 1414 10 68 
23 33.0 200 ki 23. 45 12 54 
24 ay P20 16 27 La | 26 16 52 
Mean 19.0 0 16.3231 170348 174 713 
Standard 14 0 09 23 14 2.8 3 5.6 
error 
Stimulatory 1.4 el 4.1 
index 


Qe ee 
? C=control, PVM only. 
4 p=0.057 M phosphate buffer (pH 8.0) only. 
¢i:l= | part PVM +I part PVS; 1:5=! part PVM+5 parts PVS ; 1:10= 

| part PVM +I0O parts PVS. 
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TABLE 5A. _ The local lesion numbers obtained from simultaneous 
application of purified potato virus S$ (PVS)and potato virus M(PVM) 
mixed in different ratios to Chenopodium quinoa. Expil. 


Lesion no. / half-leaf 


Hala leor Bite? Cec G 18° c 110° 
| 44 O oh re 42 109 28 It) 
2 63 O a1) Oa OG et 53 47 118 
2 93 O ele i eye 40 83 63 140 
4 LO O Se Mops! Solo aye aCe R) 
S yee | @) 30 48 39 64 47 109 
6 oo 0 27 644 Ny ao SS 29 
7 45 0) 5 On 90 83 84 134 
8 68 0 20) 36 46 97 104 174 
9 on O So Oz 22 74 37 70 
10 44 O LOUIS 2. PAGE MMe} 47 87 
1 | 69 O SOr ter 40 106 TAS IM es Be 
i2 94 O 73 124 SOMOS 90 I61 
13 40 0 41 67 40 67 S05 aL 
14 54 O 3 oo 43 TI 41 85 
(Us) 83 O 45 64 91 118 53 74 
16 29 0) 52) cps Boe. 92 DO Fo7 
Pad Ge) O 44 61 45 72 40 74 
18 67 O Tesh A aS) FAs) hehe rod ofan ts if ¢ 
io 78 O 80 106 Lo. Sb Ske) We Ts: 
20 104 O Yee Ml) 83 109 66 103 
ot FE 0 30 47 S20 iiit G37 ito 
rays of O ae) ahs owe 5S! 144 
eo 50 O SG 26 95°) 50 90° 171 
24 eo O 43 76 69 176 106 219 
Mean Se 38, apekes Tas 54.1 101.7 608 116.0 
Standard 4.1 O 4.8 6.0 43 5.8 43 81 
error 
Stimulatory 1.4 1.9 es) 
index 


7 C=control, PVM only. 

4 P=0.057™M phosphate buffer (pH 8.0) only. 

¢i:1=1 part PVM +l part PVS ; I:5=! part PVM + 5 parts PVS; 
1:10= | part PVM+!0 parts PVS. 
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TABLE 58. The local lesion numbers obtained from simultaneous appli- 
cation of purified potato virus S (PVS) and potato virus M (PVM) mixed in 


different ratios to Chenopodium quinoa. Expt. I. 


Lesion no./half-leaf 
Half-leaf a 


a a Cy Rt: C HIS" GC 1:10° 
| 38 O 45. 56 89, 126 (p28 1 
2 5 | O 3879.2 Blo re25 84 94 
3 43 O De 296 heceaS f= "35 
4 S16) 0) syoy faith LOS ™=L 29 te 2 
) 32 0) SO mec 70 104 73 104 
6 oF O 48 46 shih a Pewe Ceeco8 
is 42 O 42 65 74 238 20 180 
8 29 O 34 39 49 103 47 156 
) 36 O Sous Soto biter OS 
10 50 O 100 158 44 129 126 145 
) 6 | @) te 29 5059 95: 259 
ie 28 0 GOUT 40 98 S229 
he) 1090 O 49). 49 80 108 50) io 
14 103 O ome 103 141 65 ko 
HS 100 O ISite 2 TAF 160 48 158 
16 94 O RS) ois 5) 48 148 40 69 
ieh'g 88 O 25 94 39 64 39. te5 
18 aa 0) 23,1035 40 86 45 137 
is) 99 O S30 387 100 46 102 
20 64 O PEOuniel ic 325. 37 Soe or 
2 | 34 0) 42 45 SORI 1 34 180 
22 50 6) 44 41 41 129 43 I3!l 
Zs 27, 0) 295) 60 50 i105 47 123 
24 eg O 45 54 54 76 43 78 

Mean oN eis 10) > P8336 GeO 20st 63.1 130.0 

Standard 6.0 O 42 6.5 Se Clea 3 8, od. © Sa 

error 
Stimulatory 1.6 ZnO 2.1 
index 


7 ¢ =centrol, PVM only. 

4 P=0.057 M phosphate buffer (pH 8.0) only. 

“I:1= | part PVM+ Ipart PVS; I:5= | part PVM +5 partsPVS; 
I:10= | part PVM +10 parts PVS. 
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In RKB, PVM lesions from all treatments started to appear 4 
days after inoculation, then increased rapidly between 5 and 6 days 
and reached a maximum in 7 to 8 days (Figs. 13A and 13B). In C. quinoa, 
PVS lesions were visible 6 days after inoculation, then increased 
logarithmically during the period between 7 to 9 days and reached a 
maximum in 9 to 10 days (Figs. 13A and 13B). 
e. Simultaneous separate tnoculations of upper and lower epidermal 

layers 

There was no significant difference in the stimulatory index 
in simultaneous separate inoculations with PVM and PVS of the upper and 
lower epidermal layers of RKB and C. quinoa leaves (Tables 7 and 8). 
The results also indicated that the susceptibility of the lower 
epidermis of both host plants was much lower than that of the upper 


epidermis. 


B: Interaction Between Intact Yirus, Viral RNA's, Yeast-RNA and 
Coat-protein 
a. Infectivity of viral RNA's 
The UV-absorption spectra of PVM- and PVS-RNA's obtained were 
typical for RNA (Fig. 14). The ratio of A max./min. for PVM-RNA and 
PVS-RNA were 2.26 and 2.25 respectively. The infectivity of the PVS- 
RNA preparation was higher than that of the PVM-RNA (Fig. 15). 
b. Interaction between intact vtrus and viral RNA of the counterpart 
Infectivity of the intact virus was decreased in the presence 
of the viral RNA of the counterpart (Tables 9 and 10). The results 
showed that the degree of tnterference was dependent on the concen- 


tration of the viral RNA of the counterpart present in the inoculum. 
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TABLE 7. Simultaneous seperate inoculations with purified potato virus M (PVM) and 
potato virus S (PVS) of the upper and lower epidermal layers of ‘Red Kidney’ bean. 


Lesion no. /haif-leaf 


Expt. Leaf no. M? M P S creep 
pe ge S 0p M M 
| 30. 4 Zo ~2¢ 6 4 if 4 
2 SB) 732 46 50 9 7 v6 9 
3 (3 29 a4, 20 2 5 6 6 
4 Si oO. Gy EAS) IO) 613 10 9 
| ys Teak eg | \9 24 4 8 5 4 
I 6 46 40 290 251 2 6 9 10 
7 ei AES} UGamre 3 3 4 fe, 3 
8 34 43 31 44 oe | Ree ee me I 
9 aay FAS LS ize LOme ie ae. 
me) 290-25 Ss) v4 4 4 5 
11 Cumece LOae LO 5 Z 2 4 
12 Ze aude LO? wi 8 6 8 5 
Mean M/P (Control) = 28.0 P/M(Control) = 6.4 
M/S(Test) = 24.1 S/M(Test) = 7.4 
Stimulatory Test/Control = 0.9 Test / Control = 1.2 
index 
| F5a tO iia 2 | 4 ces 
2 1 | 15 io P¢ 4 4 3 2 
3 2Q D5 [3 24 4 2 5 3 
4 35 40 30 30 S) 3 6 4 
5 Sige 14 10 5 6 (ee, 
rr 6 ho? -2d 20 14 S AN KS 9 
if be he nO 24 10 8 12 ri 
8 24 6 2i id ae ¥ § 7 6 me) 8 
9 41 39 30. 36 2 4 6 5 
10 nS oR? 2h 33 4 2 9 6 
11 n2, fe 19 «614 5 8 "te 
l2 28 («14 i6 19 14 9 me) 7 
Mean M/P{Centrol)= 20.1 P/M(Control) = 6.1 
M/S(Test) = 19.3 S/M(Test) = 6.5 
Stimulatory Test / Control = 1-0 Test/ Control = 1.1 
index 


7 0.33 mg PVM/ml was applied to the whole upper epidermis. 

> 0.057 M phosphate buffer (pH8) was applied to one-half of the 
lower epidermis. 

© 0.40 mg PVS/ml was applied to one-haif of the lower epidermis. 
Similar scheme applies for other inoculations. 
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TABLE 8. Simultaneous seperate inoculations with purified potato virus S(PVS) and 
potato virus M(PVM) of the upper and lower epidermal layers of Chenopodium quinoa. 


Lesion no./half-leaf 
ag 


Expt. Leaf no. S S ii O Me hy ete ie 
paeenie MP S S 
| SH) Ge} S) SO 44 252 eo 266 «614 
5 41 48 45 38 3I 44 55 20 
3 49 67 60 46 Boh ans) Ceueae 
4 isos 59% 60 27 40 25 34 
ce) 10. 76 Tesh ASS 42 51 hoy 2) 8) 
r 6 SOme ag 42 40 (2a RS RLS 28°18 
if Moye! Te Rye ie) 26n eco 24 «284 
8 60 81 42 49 Z2omes 233! 
9 47 30 3! 80 Sahn ar 34 20 
10 SOWzZI 25 44 Alero bone U9 
II Lom oe 20° 25 aan NAG 15 20 
12 Sim 50 54 ST. 24.) «(3 Foal Ga eae, 
Mean $/P(Control)= 43.9 P/S(Control) = 25.9 
S/M(Test) = 46.1 M/S(Test) = 28.2 
Stimulatory Test/Control= 1.1 Test/Control! = 1.1 
index 
| Zio 40 30 2laweo eH Ae) 
2 Se is 45 38 SORECO fag eS ARTE 
3 44 39 54 47 (kG ye els) Sie 29 
4 S029 S195 42 45 52 47 34 
5 ao)” Sea f 36 44 37 40 37 41 
6 64 60 TOMaSS 49 60 Shc) ok) 
ae 7 70 54 G6min5.t ie ares @) 2 once 
8 49° 39 63. 62 Sot he 39) 52S 
9 80 95 SOMESS S08) oc 45 28 
10 ein 26 26) So 20-26 58226 
It 53m 47 SOM aie 45 70 96 6I 
2 SOO 46 70 22) 55 ZO or 
Mean S/P(Control)= 50.8 P/S(Control)= 32.7 
S/M(Test) = 47.0 M/S(Test) = 37.0 
peat Test /Control = 0.9 Test/ Control = 1.1 
i 


7 0.16 mg of PVS/ml was applied to the whole upper epidermis. 


4 0.057 _M phosphate buffer (pH 8) was applied to one-half of 
the lower epidermis. 


° 1.67 mg PVM/ml was applied to one-half of the lower epidermis. 
Similar scheme applies for other inoculations. 
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FIG. 14. The UV spectra of ribonucleic acids (RNA's) 


eee vey isolated from potato virus M(PVM) and potato virus 
SUPV 7. 
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FIG. 15. The dilution curves of the infectivity of ribonucleic acids 
(RNA's) respectively isolated from potato virus M(PVM) and potato virusS 


(PVS) in ‘Red Kidney’ bean and Chenopodium quinoa. 
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TABLE 9. Interaction between intact potato virus M(PVM) and potato virus 
S (PVS)-ribonucleic acid (RNA) in ‘Red Kidney’ bean. 


Lesion no. /half-leaf 


EXprT/ Expt // 

Ta taleat eg oy et et, yet ee Re 

| 50 43 to 30 3D 14 70 38 

2 8 | 28 68 35 105 30 92 21 

fe 62 2a iG 67 64 20 5 | 24 

4 61 ko 135 82 56 2a 80 30 

5 fg) 32 143 62 0s 17 68 32 

6 100 23 84 43 27 30 60 46 

7 <9 18 58 71 43 18 62 35 

8 © 2 | 68 52 59 20 42 29 

9 8 | 40 =23=100 46 oT 10 50 40 

10 7! 3S COG 44 tS 19 45 26 

I | 61 27 74 27 108 33 36 30 

12 11 24 54 26 54 née? 120 59 
Mean Teo 2h2 9015 -48:8 Gis’ 2RR 64-7 S42 
Standard au) 2:5 BiG. SS rar 22 6.9 30 

Ut lhe 0.4 OS 0.4 0.5 


ete remeron 2 I EE LS TS I TE SE SS 


? Control: 1.1 mg/ml PYM. 
© Test (/) :T, = 1.1mg/ml PVM+5 A units of PVS-RNA at 258 2m; 
To= 1.1 mg/m! PVM+0.5 A units of PVS-RNA at 258 am. 


© Test(//) : T,=1.1mg/ml PVM+6 A units of PVS-RNA at 2582, 
T2= l.lmg/ml PVM+0.6 4 units of PVS-RNA at 258nm. 
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TABLE 10. Interaction between intact potato virus S(PVS) and potato virus 


M (PVM)-ribonucleic acid (RNA) 


in Chenopodium quinoa. 


Lesion no/ half-leaf 


Half-leaf Expt! Exptl 
no. C2 7° ca pe ce 7; d ce Te? 
| 52 1] Oo 36 36 1} 24 10 
2 6 | 45 60 42 ‘hil 20 89 58 
és) 40 20 39 20 45 ie 2c 25 
a lets oH 71 52 29 Je) 48 12 
5 26 26 ae 2¢ 50 t 19 SS 
6 45 30 33 24 ae) 25 66 13 
r¢ 59 40 28 Ze 50 12 SIT 14 
8 og 14 31 38 48 Sis 40 aa 
9 43 235 50 40 oF § 10 oo 43 
10 51 3300 (01 71 28 8 763) 7 
It 48 24 67 20 43 9 66 30 
12 90 13 54 43 25 15 29 29 
Mean S2.67629'8 (93:6 5j5 70 ASS OMS 2 ATS E2515 
Standard 5:0 ¢h3. | 59 yied2 4:0 wnc2 :4irSa (Ft4.1 
error : 
Stimulatory 0.5 0.7 0.4 0.5 
index 


7 Control (/): 0.24 mg/ml PVS. 
» Test(/): T,=0.24 mg/mIPVS+30 A 
Te=0.24 mg/mIPVS+30 4 


© Control (//):0.16 mg/ml PVS. 
7 Test (//): T,=0.16 mg/miPVS+30 A 
T=0.16 mg/ml PVS+3.0 A 


units of PVM-RNA at 
units of PVM-RNA at 


units of PVM-RNA at 
units of PVM-RNA at 


258M; 
L258 nM. 


258 1M; 
258 nm. 
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The results also indicated the reductions in the lesion number due to 
the presence of the RNA of the counterpart were approximately 59 to 60% 
for PVM in RKB (Table 9) and 30 to 60% for PVS in C. quinoa (Table 10). 
ec.  Stmultaneous tnoculatton with PVM- and PVS-RNA's 

Only slight interference was induced by the viral RNA of the 
counterpart. The results showed that about a 10% inhibition of the 
PVM-RNA infectivity occurred in RKB (Table 11) and about 20 to 30% 
inhibition of PVS-RNA infectivity in C. quinoa (Table 12). 
d. Stmultaneous tnoculatton wtth tntact virus and vtral coat-protetin 

of the counterpart 

In both cases, the infectivity of the test viruses was slightly 
higher in the presence of the coat-protein of the counterpart in the 
jnoculum. On the whole, as the stimulatory index indicates, about 
10 to 30% increases in local lesion number were obtained (Tables 13 and 
14). The inoculum containing coat-protein only did not produce any 
lesion. 
e.  Detecetton of endogeneous RNase acttvity 

In both cases the infectivity of PVM- and PVS-RNA's was higher 
as the concentration of the intact viral counterpart was reduced (Fig. 
16 and 17). The activity of the endogenous RNase apparently diminished 
upon diluting the preparation containing the intact viral counterpart 
between the dilutions 107° to 10-*. 
f.  Effeet of endogenous RNase on PVS-RNA tnfecttvity tn the presence 

of yeast-RNA 

The infectivity of PVS-RNA was retained in the presence of 

yeast-RNA in the inoculum (Table 15). As the concentration of yeast- 


RNA in the inocula increased, there were apparent decreases in 
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TABLE !1. Simultaneous application of potato virus M (PVM)- and 
potato virus S(PVS)-ribonucleic acids (RNA's) to'Red Kidney’ bean. 


Lesion no. /half-leaf 
Half-leaf Exot. / Expt. // 
no. 


OS 
BAS 
oO 
ro) 


2 8 6 6 3 
) 18 15 hr) 14 
4 11 10 12 10 
S 5 6 6 7 
6 4 3 3 3 
{4 8 2 10 10 
8 6 5 4 2 
9 10 !O 8 rf 
10 S 12 | 9 
1 | 9 8 12 | 
12 1] 13 9 ) 
Mean oO 8.1 8.4 7.7 
Standard error eee) It 1d 1.0 
Stimulatory 0.9 0.9 


index 


’ Control: 40 4 units of PVM-RNA at 258nm. 

® Test(/):40 A units of PVM-RNA+6 4 units of PVS-RNA, all at 
258 nim. 

© Test(//):'40 A units of PVM-RNA+I2 4 units of PVS-RNA,all at 
258 nim. 
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TABLE 12. Simultaneous application of potato virus S(PVS)- and 
potato virus M(PVM)-ribonucleic acids(RNA's) to Chenopodium quinoa. 


Lesion no. /half-leaf 


Half-leaf Expt. / Exptll 
no. Cc? 7? Cc? Te 
| 109 vrs 129 78 
2 59 42 69 45 
3 ace 200 ale 208 
4 178 160 208 169 
Ss) 119 TAs] hoe 92 
6 iS 88 134 18% 
7 L52 112 175 Meat 
8 144 69 114 64 
<) 89 5 92 51 
10 120 91 149 106 
1] 169 115 ein 122 
12 55 99 203 LOW 
Mean 135:9-0 SLOJEe 154.07" 103.3 
Standard error 12.6 12.8 14.1 13.8 
pliulgtory 0.8 O:7, 


gear OE, RS OR YE ET SE a TS SI ET a ED 


7 Control:6 A units of PVS-RNA at 258 20m. 

‘ Test(/):6 A units of PVS-RNA+40 4. units of PVM-RNA, all 
at 258 nm. 

© Test(//):6 A units of PVS-RNA+30 A_ units of PVM-RNA, all 
at 258 nin. 
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TABLE 13. Simultaneous application of purified potato virus M (PVM) and 
potato virus S (PVS) coat-protein to ‘Red Kidney’ bean. 


Lesion no. / half-leaf 


Half-leaf no. Expt / Expt. / 
Ge T? —_ Coat-protein ed T%  Coat-protein 
only ° only ¢ 
| 101 118 0) Sil 30 6) 
2 39 96 ) 72 89 O 
3 ou 59 O 63 56 ) 
4 78 5 6) 30 47 6) 
5 41 39 6) 23 45 O 
6 72 68 6) 69 41 6) 
ré 80 106 0) 45 40 6) 
8 66 73 6) 74 95 6) 
9 oS 40 ) 32 79 O 
10 34 66 0) 16) 78 O 
lt 41 42 O 40 49 @) 
liz Si te ) 34 30 0) 
Mean 54.1 67.5 0) 48.8 56.6 O 
Standard error 6:9 feo O om, 6.6 O 
Stimulatory i= 1.2 
index 


hth De ll Dt ae SR on 
7 Control: 1.1 mg/ml PVM. 
Test (/): |.1mg/ml PVM+0O.5 A_ units of PVS coat-protein at 280m. 
© Same concentration was used as in the 7esf inoculum. 


7 Test (//):1.1 mg/ml PVM+ 1.0 4 units of PVS coat-protein at 280 nm. 
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TABLE 14. Simultaneous application of purified potato virus S(PVS) and 


potato virus M(PVM) coat-protein to Chenopodium quinoa. 


Lesion no./half leaf 


Expt! Expt // 
Half-leaf no. ey eae Ce 
Ca T? —_ Coat-protein “Seat T? — Coat-protein 
only © only ° 

I 56 70 O 54 88 O 

2 126 171 0) 43 49 0 

3 49 Te) 0) 101 64 @) 

4 84 86 O 80 123 O 

MS, 46 66 O 168 121 O 

6 100 97 O 94 Fos O 

7 59 49 0) 69 61 O 

8 95 126 O 72 78 O 

9 69 113 0) 93 79 0) 

10 76 32 O 91 114 0 

11 141 93 0) 116 135 0) 

12 lala 116 O 120 335 O 

Mean Baan 19979 0 91.8 96:9 O 

Standard error 8.9 9.9 O 9.6 9.6 0 

Stimulatory Le i 

index 
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’ Control: 0.3 mg/ml PVS. 
: Test (/):0.3 mg/ml PVS+I1.0 A units of PVM coat-protein at 280nm. 
c 

Same concentration was used as in the 7es? inoculum. 


” Test(//):0.3 mg/ml PVS +1.5 A units of PVM coat-protein at 280nm. 
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FIG. 16. Effect of endogenous ribonuclease associated with intact potato 
virus S (PVS) on the infectivity of potato virus M(PVM)-ribonucleic acid(RNA) 
in ‘Red Kidney’ bean. 


~— 
5 o——© EXPT. | 
ih 
= 8 Om—=O EXPT. II 
hn 
= sk PVM-RNA only 
2 
Ls 
2 
& 4 
oO 
1S) 
S 
® 
> 
og 
2 457 45 45 4506 45 
EXPT. | 
Hae 0.24 0.024 0.0024 0.00024 
oon 25 35 35 55 
EXPT. II \ a Gis 0.016 0.0016 0.00016 
PVM-RNA + PVS 
2 PVM-RNA( A units ot 258 nm) 
5 pvs (mg/ml) 
EGY U7. Effect of endogenous ribonuclease associated with intact potato 


virus M(PVM) on the infectivity of potato virus S(PVS)-ribonucleic acid(RNA) 
in Chenopodium quinoa. 


e@——e EXPT. | 


O-m——O EXP Tail 


80 
Sk - PVS-RNA only 
6 


40 


Average lesion no./half-leaf 


0) a 
10 10 10 10 10 
EACTS ie 0.11 OON 0.0011 0.00011 
62 6 6 6 6 
anal ere 0.07 0.007 00007 ~—-0.00007 


PVS-RNA + PVM 


7 pvs-RNA( A units of 258 nm) 
PVM (mg/ml) 
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TABLE 1!5. The effect of endogenous ribonuclease associated with the 
purified potato virus M(PVM) on the infectivity of potato virus S(PVS)- 
ribonucleic acid(RNA) in Chenopodium quinoa in the presence of yeast-RNA. 


Lesion no./half-leaf 


pclimlca tthe ee aren 
Coe atl: Ts GC ij Ts tT 
l 27 6 3 BAD ints’ Soe P GoM Es 
2 30 7eiT VOSIeRKG fs4ien 428t6 79: M06 
3 GimiarhbZete 168 B15 6 sabe? tey. 26. 38 
4 Se pilites ee meron AGuml4uge 32, «30 
5 7 L603 50 Se 102 44 #50 61 
6 Oo 20m 6104 mea Sesinn 730 65 
7 24 5 9. fate 146 50 102 135 
8 38 Seer (8.80 itaerGo mere! (89 
9 2. Sie eo and Som esGm 241 34 
10 49 Gr aio eo Seei20 7 400 37 
1 ea fp! go" 4 43 G6 1.49991) 156 
12 S2ulwun oStacso, | M29 75MenSEIN9 G2 Thég2 
Mean 50.3 10.4 196 29.6 93.4 36.3 563 67.9 
Standard Gate titg® t213) Mall Rare Bas they 8.9.4 
Infectivity fONTCO 27 O84 eerOrG io Me Olt 4Ois: 0:7 
index 


’ Control: 5 A units of PVS-RNAat 258 nm. 
‘5 Test(/): T= 5 A units of PVS-RNA+1.1 mg/ml PVM+phosphate buffer 
(0.057 M, pH 8). 
T2= 5 A units of PVS-RNA+I.1 mg/ml PVM+25 4 units of 
yeast-RNA at 258nm. 
T3= 5 A_ units of PVS-RNA+I.1 mg/ml PVM+50 A _ units of 
yeast-RNA at 258nm. 
© 10 A units of PVS-RNA were used, the rest being the same. 
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inhibition of the infectivity of PVS-RNA. However, the infectivity of 


mixed inocula never exceeded that of PVS-RNA alone. 


DISCUSSION 


In the mixed inoculation experiments, both PVM and PVS produced 
higher lesion numbers in their respective local lesion hosts in the 
presence of their counterparts. A plausible explanation for the 
increase in the lesion number might be that the counterparts, 
possibly their coat-proteins, played a part in activating a mechanism 
essential to initiate an infection, although they were unable to 
initiate infection by themselves in the same plants. The increase in 
infectivity, alternatively, may be due to a physical phenomenon. 
Although bioassay was the most sensitive method for testing virus, the 
production of a single local lesion requires about 50,000 to | million 
particles in the inoculum (Steere, 1955, 1956; Wildman, 1959). These 
data implied that the presence of a certain number of virus particles 
was essential at an infectible site to transform it to an infective 
centre. A hypothesis which may be worth considering is that the 
counterpart in the virus mixture acts in such a way that the efficiency 
of infection by the test virus is increased at the infectible site, thus 
enabling the fewer test virus particles to initiate transformation of 
infectible sites. This kind of stimulation would not produce a maximum 
effect when a test virus fully activated by the presence of the counter- 
part in the inoculum reaches a threshold beyond which the former becomes 


excessive for the infection of a host leaf where the inoculable area is 
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limited. This explanation seems applicable to PVS in C. qutnoa since 
the increases of PVM beyond the certain level did not proportionally 
increase the lesion number (Fig. 12). However, in the experiment 
involving a host which has comparatively larger leaf area and a virus 
preparation of low specific infectivity, the presence of the counter- 
part induced a pronounced stimulatory effect which was somewhat 
proportional to the amount of the counterpart added to the intact virus 
samples (Fig. 11). 

Obtaining a similar stimulatory effect, Fulton (1962) reported 
that Doltchos biflorus, which was susceptible only to the H strain and 
not to the G strain of sour cherry necrotic ringspot virus, produced 
Significantly more lesions than the control when inoculated simultane- 
ously with a mixture of the H and G strains. Even after heat- or UV- 
inactivation the G strain provided the same stimulatory effect. Thus, 
the author suggested that the stimulation of infection required more 
than one particle. 

In the pre- and post-inoculation experiments, the counterpart 
stimulated the infection of the test virus to a certain extent (Figs. 
13A and 13B; Table 6). Therefore, it is safe to assume from these data 
that some pre-inoculated virus particles remained stable until such 
time that it could interact with the post-inoculated virus particles. 
When a total number of virus particles supplemented by either a test 
virus or its counterpart reaches a level that is sufficient to support 
infection, even a few infectious test virus particles that were present 
in the inoculum could achieve successful infection. This stimulatory 
effect, however, diminished after an interval of 10 hr between applica- 


tions of the test virus and its counterpart. 
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The results from the experiments concerning 'simultaneous' 
Separate inoculations of upper and lower epidermal cells indicated that 
the separate applications of the two viruses did not induce the 
stimulatory effect. Thus it was clearly shown that the stimulatory 
effect resulted mainly from simultaneous application of the two viruses 
(Figs. 1] and 12) and from sequential application involving pre- and 
post-inoculations to some extent (Fig. 13; Table 6). 

Unlike the interaction between intact viruses, simultaneous 
inoculation of intact virus and the viral RNA of its counterpart 
resulted in decreases in the local lesion number incited by the test 
viruses (Tables 9 and 10). Similarly, experiments with a mixture of 
viral RNA's yielded an inhibitory effect (Tables 11 and 12). This 
result suggested that genetic recombination o¥ these two viruses was 
unlikely and that there was no genetic interaction between PVM and PVS 
even at RNA level. Therefore, the stimulation of infection using the 
mixed-virus-system was achieved possibly through the physical interaction 
of the particles between the intact viruses. 

The fact that the lesion numbers obtained from the mixed- 
inocula of the RNA and intact viral counterpart were essentially 
inversely proportional to the concentration of the counterpart can be 
explained by the presence of RNase in the final purified virus 
preparations (Figs. 16 and 17). This activity of the endogenous RNase 
could be counteracted by adding yeast-RNA to the inoculum (Table 15). 
Whitfeld and Williams (1963) earlier detected a similar RNase activity 
present in their purified TMV preparations, and its optimal activity 
ranged from pH 8.5 to 9.0. In this study, a relatively high RNase 


activity was expected since pH 8.0 was maintained in all inocula used. 
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Kaper and Siberg (1969) also found the persistent presence of a trace 


of RNase in the purified TYMV preparations. 
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CHAPTER VI 


CONCLUDING REMARKS 


The primary objectives of investigating the methods of 
purification and bioassay of PVM and PVS were to obtain highly purified 
virus preparations and to obtain information regarding factors 
influencing quantitative evaluation of their infectivity so that the 
interaction between the two viruses can be studied accurately. 

Although a certain amount of information concerning the physical 
properties of both viruses was obtained, the characterization of the 
purified viruses was by no means complete. Since relatively high virus 
yield can be obtained by the method used in this study, efforts 
can be continued along this line in the future. Studies of virus 
components such as protein and nucleic acid can be particularly 
rewarding, since both PVM and PVS have been only poorly characterized 
in this regard. The PVM preparations obtained in this investigation had 
rather low specific infectivity and the sedimentation coefficient values 
lower than expected. This result indicates that the PVM isolate (AP-1) 
used in this study is perhaps more susceptible to inactivation than the 
PVS isolate (A) during purification. The relatively low infectivity of 
the RNA isolated from PVM (Chapter V) may be due to the same reason. 
This situation could be remedied probably by incorporating certain 


chelating agents in the purification procedure, in particular 
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at the time of sap extraction (Hampton and Fulton, 1959, 1961; 
Hiruki, 1964). 

The mechanism of virus precipitation by the PEG-NaCl method is 
unknown even though several hypotheses have been proposed. The 
precipitation of viruses by PEG was dependent on the difference in the 
charge on the surface of the virus particles (Polson et al., 1964; 
Albrechtova and Klir, 1970). Therefore, the PEG solubility could be 
controlled by adjusting the concentration or pH of the buffer solution 
used as a suspending medium (Clark and Lister, 1971; Reddy and Black, 
1973). The PEG precipitation of proteins and viruses was comparable to 
the dehydrating effect of alcohol or acetone by removing the water 
molecules from the hydration envelope of the protein, causing a distur- 
bance of the dielectric constant of the medium (Chun et al., 1967; 

Clark and Lister, 1971). As a result, the steric relationships of the 
hydrophobic and hydrophilic groups of the proteins were altered which 
led to the precipitation of the protein. Leberman (1966) proposed that 
virus precipitation by PEG could be due to a simple coacervation whereby 
a spontaneous separation of the highly hydrated polymers resulted in the 
formation of two phases. Iverius and Laurent (1967) hypothesized that 
PEG sterically excluded the virus particles from the solvent by creating 
a solubility limit for the virus, while Juckes (1971) suggested the PEG 
precipitation resembled the salting-out phenomenon. 

In the present study the interaction between PVM and PVS is 
Surprisingly different from any of the known phenomena. Thus a number 
of hypotheses that have been proposed (Bawden and Kassanis, 1945; 
Kavanau, 1949; Fulton, 195la,b; Best 1954a,b; Damirdagh and Ross, 1967; 


Matthews, 1970; Wenzel, 1971; Kassanis et al., 1974) are not useful in 
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explaining the results. Although the counterpart viruses, alone or in 
association with the test viruses, are unable to establish any detectable 
infection in the local lesion hosts of the test viruses, they seem to 
participate in infection by the test viruses in an unknown manner and 
contribute to the increased efficiency of infection by the latter. This 
Stimulation is highest in its effect, when the two viruses are mixed and 
applied simultaneously to the test plants. However, the same effect did 
not occur when each of them was applied separately from the upper and 
lower sides of the leaf tissue, or when the RNA's from these two viruses 
were mixed and applied to the test plants or when the intact test virus 
was mixed with the RNA of the counterpart and applied. The fact that 
the stimulatory effect of the isolated coat-proteins is considerably low 
when compared with that of the intact viruses may suggest the importance 
of protein configuration or certain requirement(s) for their molecular 
size. Further careful investigations, including isotopic labelling of 
virus and its components coupled with the immunofluorescence technique 
which can be effectively applicable to protoplast systems, will undoubt- 
edly shed light to the mechanism(s) of this extremely interesting type 


of virus interaction. 
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PLATE 1. Systemic and local lesion hosts of potato viruses M and S. 


A. 50-day old systemic host, Solanum tuberosum L. potato plants. 


M: A 'King Edward' potato plant infected with potato virus M 
(PVM) (Alberta isolate AP-1) showing symptoms of mild 
stunting. 


H: A healthy 'Netted Gem' (Russet Burbank) plant in bloom. 


S: A 'Netted Gem' potato plant infected with potato virus S 
(PVS) (Canadian isolate 'A') showing mild stunting at the 
blossom stage. 


B. The primary leaf of Phaseolus vulgaris L. cv. 'Red Kidney' show- 
ing brown necrotic local lesions 8 days after inoculation with 
PVM. The inset shows an enlarged portion of the infected leaf. 


C. A Chenopodtum qutnoa Willd. leaf 9 days after inoculation with 
PVS, showing local lesions with a necrotic centre and a chlorotic 
periphery. 
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PEATES 2 


A&B. 


Electron micrographs and length-distribution of potato 
virus M (PVM) obtained by the polyethylene glycol-sodium 
chloride purification method. 


PVM particles stained with 2% sodium phosphotungstate, 
Drie s0e 


A histogram showing the length-distribution based on a 
measurement of 300 PVM particles. 


Negatively stained PVM particles observed in a leaf-dip 
preparation. 
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PLATE 3. Electron micrograph, length-distribution and cesium chloride 
(CsCl) isopycnic banding of potato virus S (PVS) obtained by 
the polyethylene glycol-sodium chloride purification method. 


A. PVS particles stained with 2% sodium phosphotungstate, 
Die. 0. 
B. A histogram showing the length-distribution based on a 


measurement of 300 PVS particles. 


GC. A single light scattering band obtained after density centri- 
fugation of purified PVS preparation in 20-40% CsCl gradient. 
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TABLE 1!6. Lesion counts: The effect of post-inoculation temperature 
on the local lesion number of potato virus M in ‘Red Kidney’ bean. 


Temperature (°C)? 


Exot Leaf no. 
At 17 22 27 32 
| 52 4 9) O 
2 64 (¢ O O 
3 70 7 0) | 
ag 
4 52 2 O O 
5 a5 10 0) (0) 
6 50 4 0) O 
Lesion no/ 26.9 2.8 0) 0.1 
half-leaf 
Standard 2.5 0.6 O 0.1 
error 
! 24 8 O (0) 
2 25 S O O 
3 48 5 O 0) 
a4 
4 39 7 O O 
5 10 13 O O 
6 ite. 17 2 O 
Lesion no./ 13.4 4.4 0.2 O 
half-leaf 
Standard 2.9 1.1 OZ O 
error 


“inoculum: sap was extracted at a 1:10 (w/v) ratio in 0.057 M 
phosphate buffer, pH 8.0. 


125 


id 
= i it Neat os ' a1 oi 
er Pe. es iz wee POE hr ae aha 
> or a a ; 
1") j ene. AW ct yd kote * Lk as ws eee : een ie 
7 Fear a PPAABINTY mA I se annie naman nied ene takoneilye tere 
vx \ bd bi o0 iv ze t 
a VA ERO Sky 
Ai eld 2) Rane, eaestiee f) 
Vise se ; ' iy 
a 
B “ j 2) 
. * ate i 
\ i t ier) 
w 
2 
‘af P 
’ M : t 
e - i P 
aay eee. 
j 4 j 
# in| m 
A 
13 7 4 
ey r 7 
Me 
] 
heey oF : 
se ¢ ~~ 
. A oO 
ny ] 
+f v Se 
' » | 
ae oe 
fl Me ‘e es 4 To. 
ch ert ' i 
; i ‘ie Ad yet Vie oe ia ; 
UY es ot 
wl Toei ; 
- : 
| \ Be Vous 
Pi : ae 
cael | bs, : 
7 
wkd ° 
4 a 
>» 
} U 
y) +" fe 


im 
: oF 
* ; he 
ie : 
an 
j 
‘ ' a al. 
Way i ie "e i 
: . 4 ” 
wn 3 
\ ! 
, , , <3 ny 
4) a 
a «® , gro 
he Mi te ty 


f fi 4 


es +i haste: Paty 1 


; ' ¢ 5 
= vet ey ts AD OEE at e. 
if - 4 bay é Mia Oto 
; “—s - ee es yl By pater prise mecca ne 
Ao Rie ee ; 


A 


126 


TABLE 17. Lesion counts: Infectivity of potato virus M extracted from frozen 
infected potato leaves in ‘Red Kidney’ bean at various time intervals after 
their incubation at 4° or at 24°C. 


BR Ye RR RS EP RR A A ES SS SS SS SS SD ES SS SR STE SE I LI LIE OTN LE LIER) 


Time (Ar)? 
soe 0.5 2 8 24 48 
oc Temperature (°C) 
he 4 24 am) 24 abnwi2am! 4.6247 no/4utiog 
| Lo 2o seo. (oe ee 32 15 fA 15) 2 6 O 
c 20 secom ic 635 103 49 9 | FOr at Bim 
%) 17 24 ey hse 9 16 10 5 4 0 5 O 
4 Samo feed) tA 17 12 10 3 Ly O 2a 0 
5 7 SF la 642 42 30 15 O 4 O pe ay 8 
6 Piss prs Bre Go fos, 2! 30 O 1 O La 
7 4 4 215 o7, 206 67 10 3 11 | 1 O 
8 O &) {dy ey 74 33 15 O of sy ed8) 
9 Pr 7 / | 14 83 28 18 5 2. wt i-0\Q 
10 305-20 6) 3 114 26 3 | O Se) a CO 
11 4 10 See AMS 104 36 22 | 20 Seu 
fe Loon LS fe) 7 AS Be: 84 34 2 4 | a0 
Mean | Fees) 10.1 43.1 84.4 36.2 Its fe yes 5.0 0.9 50.0 
Standard Zo 2.4 8.0 18.6 6.1 2.63,:0:7 1.20.4 0.70 
Infectivity 1.0 0.6 2.4 4.7 2:0 OO! 0.30.1 Uae 9 
index 


PE OS I A SS SS ES SSI SSS SE SR RSC I SE SST SE SL) 


7 Inoculum: sap was extracted ata 1:10 (w/v) ratio in 0.057 M phosphate 
buffer, pH 8.0. 
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TABLE 18. Lesion counts: Determination of the infectivity of potato virus M in 
‘Red Kidney’ bean at different growth stages of infected ‘King Edward potato plants. 


Sample? Days afier pignt height (em) Sampling height/cm) Lesion no/half-leaf 


seeding of —————_——————- 

tubers EXPL / Exptil Expt! Exptl Expt! Exptl 

| Ze Clemo eo i620 Ore 62:5 9 e9.3 

2 Zo 90.67 2 lee 20:8 19:6 320 p mec 
3 28 43.2 33.0 34.3 25.4 46.5 32.0 
4 ou 5S ropes 58,6 50/0 6.3 11.0 
6. 34 59.7 50.8 50.8 36.8 68.3 46.8 

6 37 66:8' 55:9 594.6 42.4 ew ee OTe 
7 40 CSrcaOo.) 62.2 48.3 79.8 88.0 
8 43° S5rie ve 66.0 52.6 8.0 14.0 
9 46 92.7 80.0 74.9 61.0 24.8 20:5 
me) 49 97.5835: 84.6 73.7 7.8 15.3 


7 inoculum: sap was extracted at a !:10 (w/v) ratio in 0.057 M phosphate buffer, 
pH 8.0. 


2 Blossom stage. 


127 


A Fi 
na) 
\ ae 
otal i 
tis ae 1 
ri aL 
i 
se 
wy 
i 
ie \ a 
8 i. Te 
a4 
i 
i] 
© pahegan eka cats beghepety mp amaWrre nd (hs etre 99 Giivee ep 
¢ 
— es y awed p 
'% 7 , t ' ’ 
my ” eit “i 
* “s 
4 4 uP 
ie ' 
, ae Ps 
i | r ose 
i a 
5 =i t 
ta ? : 
a st 
lee 
5 Mu 
1 \ y ‘ 
P & — 
rh 
* + y? 
ithe as 
‘ 
4 
i 
fae 
. \ 
wer 
“ x ' 
% f 7 
i} 
i ae 
iE 
i 
oo - * 
a bi 
‘a 
. % 
4 
+ 
* » 
~ whe 
44 
) i” 
i 
“4 
* 2 
j } , 
~ - i 
bon sive 
rn 
- oe ire ae re 
4 i 1g 
f 
j 
{ 


> ie f Se ont 7 
PA ee = a : oe aii aati 
rai ; ; as Pay, ee nt 1p 
aX hyd pehyee aP 
i es | 1 het ae UF 
* poe teed ih na, * wre . 


ye hata eyes kane rr banner aRaNewlin ninemsn 


eee ee er eee a + wile arene beep iama nn 
¥ an ses AA aD csiameaee Ana Fi ; 


ra ee 


tT een og 


ay 4 his. Xe aM 
an ‘ > Mirah pA (PM, Mak Ne 


5 for 1) i‘ : ate: 
< : i q 
| ¥ 
‘ i 
, } 2 f 
‘ ye - i 
m i r 
a , ¥ “i 
R i wi 


vp ‘ , : v 
at Se 
Se — 
7 Lp ‘ 4 i A 
: ae : 


mo : r rm + 
‘ EP » te : oN Sa 
a J é 
Hy 
t > ee “4 : 
an? , ys 
MS 
1 é - 
Z. ‘ , . 
P 2 m. €rs m 
¥ r Pe 
vs " 
ay i fe 
ae .4 yoo 3 re : 
€ ; 7a ef 
i 
f 4 


, 
he 
huey 
ae ip 
beh e 
¢ -° LEO) Lae 4 4 
Ay 5 a ORO, ee 


an 


ie 1 oi) ie eh vii 


TABLE !9A. Lesion counts: Increment curves of local lesions obtained after pre-and 


post-inoculation treatments with purified potato virus M(PVM) in ‘Red Kidney’ 


bean. Expt /. 
en Half- Days after inoculation 
ae ation leaf r 5 : 
ime no. o b 
C T Cc LE C i C T Cc Ti 
| 18 Tes IF 5 7845-9262" 47°"2660"" 47 "257 
2 14. 14.4 36:6 84m 39)7304.6 S95502) 4: 40,,500 
3 3 3 Sea 2g Sm 84m 1 Ow ol LGw 92 
4 8 Amel 2i Cae | ere Oct ere SOre th2py 19 
6) 10 Se 2477 SW 28S * 29 "194" 29 "196 
6 13 a 8 32a G5 5126445 O08 3 501 
O time 
‘4 it 4A eS Se 2 ee CO wre VOSS M2 eis 
8 6 GF) Omio4 a BO eG el 22150 Pelee S5 
9 9 10 14 66 14 162 I14 166 14 163 
10 10 89 17a) 45 LS 2 eel 45 “2 le" 44 
1 Su Iie (5 ec6Se [6 e200jn 1622055 164204 
12 1 GY 2a Sem ct lewr com ol 2o150 
Mean 9.9. 80,202 49.8 2I18.i624 228.1779 2301769 
Standard 1.1 Ls Sie. 630° SS. Sa S16) 22:5. HPS 


error 


a nner reece meena emeeemnennmmmenmnaammamamaniaad 


7 C=Control, ie. 0.33 mg PVM/ml. 
? + =Test, i.e. 0.33 mg PVM+0.40mg PVS/ml. 
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TABLE I9A, cont. 


Inoculation Half- Days after inoculation 
time , leaf 4 5 6 > 9 
(Ihr) no. Ce Mr gee are Mere, cle Pert) dey ay 
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4 3991.23 Sy 145) 40 ty 43 ‘so 4s ‘60 

5 S31 oe “sz 4 So. eur “G2 So Ge “Be 

6 (> 928. 87 35. ia is5 25-64 29 54 
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7 3 Wl 725° #045 5 25 Br 25 BS 

8 iS. bie BO Ga wen 3 23 be 23° Bz 

9 ti to We cy ons ee fis ea” a5) ez 

10 91 48 lig, tions dite atecies ie es 
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12 7 (9 (on) sess 60° Be tel G8 568 
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Standard i 13) i ew. lb 16-0 BD 760 SO BG 
error 

9 46 65 Bs 8. fir’ 460) Hi 60 

2 5 he le seevle s6 fie A7- fev As 

3 lz 2 i ios wi i4@0 Be iso Be 153 

4 i i@ 26 ‘8 “7 60 27 173 27 177 

5 5 15 36 25 Bo @9 So S7 Fo SE 

6 7 25 Ho 28 fo Be Ho ~4 no 64 

et 7 7 34. 319 25. Bh 165 Wi i47 an (44 

8 B. Oa Ba ae" we Oo Pe Lo 16s 

9 14.4 25 BS be io 2e 1S. a 136 

10 10 4 20 5! 20 84 21:50 2). 88 

7 6b ata sg 440.156 ~ NS Sr 5) 258 

12 iz. 2 PO B38 BS BO Ba wh 23° oO 

Mean 95 52 176 446 18.1 72.2 19.1 80! 19.1 81 

Standard In 6 Si 69 ee 125 -2A ies SA 14 
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; Second virus was applied Ihr ofter. 
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TABLE IQA. cont. 


Days after inoculation 


Inoculation Half - 
time ‘ leaf 4 5 6 9 
(1Ohr) Le Cig Cee TCI TEeC? wT. iG 1 T 
| | (6,220) 222s ieee. ce oF, 6ed) Vo4 
2 8 5i 7-2 O! oe ae 21 24 25, i200) OU 
S 13 6 24 4 10; (26a) ~29 iS 29 ec 
4 9 2, 3 (22 i =a. lao... SZ) 16" S4 
5 Qo Geen Oe Spe 6 2 4 fl Sed Or Ll 
6 LS? 20") 3507) Sot oom OOF So, 697 3S) 66 
M—~>S 
7 [55 > Os o28s2 cide -2Se Sie 30n SG. 30, 39 
8 [Ou eS el Ome See Ole coat ole | 19 30 
9 me) 4 19 oF YS? bz “208 ..28" 20° 29 
10 9 6 “l6y VbOe Gs 4255. lide sees lite 325 
1] 6 6 Sch e0. G20" VOW sSo tO 524 
12 7 4 11 10 | 15 12 7 12 17 
Mean TO * 93° 210 “2183 22274 23:8 3455 294. "348 
Standard nr 60 25° 3:9 ~28 "45 “S30 "2 30 “49 
error 
| 14 5, 20; 2 2! 39. ail 40 2l 40 
2 Cues 9° 329; bl..49° tt Of lil 58 
3 L6= 26> 26° 65> “267 94° 287 Od? 307.106 
re 22 9 4! 34.) 4 | 59 44 65 46 64 
> aa bY $2), oo 356... 48. 55. 54,536 56 
6 2) 26" 25! 42> 23" 50% 267 49° 27 -48 
2 Je 7 1:9) 308 347 08, noe lOGe, O77. bhG: 39-108 
8 15e* 2Ore 2A 59°47 21 SS" 22 Sore 2s = ST 
9 13 Tae Cte Cone COs 5) 26a a Ooh e Cosa OS 
10 9 Te AUS SOe CLO rr OOT eo Oo Cee Or 
1 | f 8 !I10 44 II 63 e2neuG7 12 70 
12 | Oo OhGs 253. E2On oe ~ 20-565" /20° 1 66 
Mean 14.1 14.8 23.1 42.3 23.9 61.8 25.2 66.1 26.1 66.5 
Standard ETE 26 ret wo te. O-8 beh we) 16.6 2a VG 
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CI SN ET IE ES ES ESC SESE LIE, DA ADDED LE LLANE LLL: = AEE REED LOLI LEAL LE LODE ALTE LEI DIE A EE AGES BLADE ATCT REA 


’ The second virus was applied !Ohr after. 
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TABLE. 198. Lesion counts:Increment curves of local lesions obtained after pre- and post 


-inoculation treatments with purified potato virus M (PVM) in ‘Red Kidney’ bean. 


Expt. II. 

Inocu- Half- Days after inoculation 

CDE 26k em ew mere Bees ess 

Cc U ee ik C thom e us Ce eat a Eid 

| A” 16). |B 209" G20) 48Gr aio 409) 820° 999 "26. 29 
2 3 8 Brot pla 809 Oe PCD eG fla 8.768 
3 A AZ AN2) 64> BS BS 9925 999) ee O 108) 325% lhe 
& AUS MO ol 20 eS Om aa OU OO | oa. OS 
te) € §20. 24 lio: 27) a0) 798) lvl 1159 ibe 9 180 
6 IS 29" 40S PaaS poo. lid) 06 Les: 156-138 

O time 
7 O , Sloe eee oon ec toe ec EOOT slot, 200 
8 Se Ow incl = CaO mecOn Tao) a202 no, sot 260 
9 OF ISVs 2I 9S Cite atl a5” Sl 148. 31 14s 
10 lO 34 32 109 35 152 40 183 40 200 43 202 
e 8 Cie Om OO mec Otc een Sue Ieee IO ode sO 
2 7 9 le Ba" al. awe 23 192 123: 198 123. 194 


Mean 60 14.8 191.655 21.0 927 283 108! 288 W600 295 lI7 


Siandord. 1.1 "2.6 *72.0 oGy eo .5 to. ao Oe 16.0 OA! BTS 
error 


” C=Control,i.e. 0.56 mg PVM/ml. 
: T = Test, i.e. 0.56 mg PVM + 0.80 mg PVS/ml. 
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TABLE !98B. cont. 


Days after inoculation 


Inocu- Half- 
lation leaf 4 5 6 7 8 9 
time no. 
Chr)? Clr) her Pe Grr creree eT te iy GT 
; 2 Ya 85\ Bs 7 32 26 a -20. 39° 26 «46 
2 2 A@ 10 26.15. 39 es Aa 23 46 25-47 
3 5 7 24 70 42 105 45 106 48 106 48 105 
4 = hs (14° 94° 2anlea seen a4 34 135 34135 
5 fd 62901 e sceniouiae 2045 20 50 
6 @ 1S 26.47) Sf eW so 26") as 7132 70 
iaaes 
7 S15 fO-4e 2 eaves eoN 25) 74.28 - 73 
8 * \P (60036 So 66 "3a sen 34 67) 38 (66 
9 3 is if 68 22136 24 153 24,160 24-166 
10 a hf § 729 21 10m 125 118) 25 122 5 122 
7 i 2p 25 26 $s. G7 is (4p fs “46 fs 42 
12 , B ba Po 86) 38 G2 46° Fo 47 Te). 4s 
Mean 32 42 11.8 474 219 718 250 774 261 802 259 798 
Stondord 07 08 1.8 74 26 111 26 114 28 117 28 118 
8 if 20 52 31 89 40 99 42 107 43 112 
2 3 § if 86 20 142 30146 31 1ST 32 150 
3 } 10° 79 87 18S FS ten (s-124 13 126 
4 5 1% i6 62 “lo 7a. ta 62 fe Sn i 99 
5 G6 -% & 35. Io ae i So. tr (ss (882 
6 3 6 I 25 Pi 28 sy fo. TS “an fs 42 
a &@ \3/)22 6. 26 ae Sar 69 Se os. se 94 
8 2 16 13 88 18 105 23 116 25 125 25 120 
9 ff 13° fs) 60 Ys ze fo ‘ee js os (8 93 
10 3° Saf 4a 88S Ae v20 sa 929" ‘Gon 23 60 
7 #@ 8g 18. 44 19 45 24.46 34 45 24 4G 
12 5 @& 8 43 1% 44 2) Ss) on SS cf $4 
Mean 30 10.1 10.7 566 15.5 741 20.7 832 226 875 228 871 


Standard OG. O8 IT, S922. (Ole 29° S& 28105. 29 101 


a ST SL EE SR SESE SS SESE SRA a DAES RA RR I SESS ER ES ALS RAE ESSER AE RTI MSE EAD 


7 The second virus was applied | hr after. 
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TABLE 198. cont. 


Days after inoculation 


ahon leaf 
time ean 4 5 6 7 8 9 
(5 hr) CAE tale way tants COP are WAGE ATA MG latin oe CLT 
; fomle bo) eo ee se ean a4 ssi ss 1 ce ice 
2 ee ie #130 oe ioe Aameieea 4 ooo e400 44° 
3 Su AZ MAS) HOLM? LCE ed Gels es Pelt aoa 
4 ryantieerie cin ee Sone Sy powers oper 
5 Re 5. GOsIB Sg oo Moe acm lO oa 10) 124 
6 a 1014 hear SS eM Sens” Wie 8-00 
M—eS 
7 Ay ie SO) Oy ee be a ere 
8 915. 12 ie ag eeSIeee oso MG 4400 6 4 40 
9 3 LO. wi ao nao ach wioucs 4g 2° 
10 a (49. 8 Ala wil DOen Se Wot law cota. 123 
7 iy i200 926 | Beet C ON esi san teas aSz) ar 67 
12 SE aS ein 8 RS Si) ONG i eS ey 
Mean 62 11.9 126 223 15.4 336 17.7 359 180 36.7 181 37 
Sinedgtd | UELO gio 24 aeons ahi mics MACON moma taco a4 
error 
; rie? Paar) 9) oP i a i Re 
2 ep iy OG UR ee OE ee ee ES 
z 3. 5) we. Senile SG aly SeCOUIGaeG3 (ana iuco 
4 a WE CGE) xh ee ery Dees se 
5 i) fp ou etait lp uses ice jor “ah no, 
6 ST Ree ey ay a Se ie ee eer Ore 
a a 5 ©5200 140) 4 eset ae) 4a en) 6430 aa 
8 7 «0: 23° 75) 39° 84) 43105: 48 414 45.442 
9 Sl oO) Won eoh eo ehlee 6! Md NSGe he? 35 
10 je lets igre OeNto hoa mio) Ren Oman eed O52 
i Ove. £CLWS 20 No) AOD) MO es lo” 22 
12 i, ese SME Poe sCORNLO  weatniol Ae aot 
Mean 29 45 116 319 203 481 218 533 225 578 22.9 58 
Siandded. MOG 0m) Lb ht ees 6O0 (ise6 GEE Bx 9 6 9 


error 


’ The second virus was applied 5 hr after. 
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TABLE 198. cont. 


Haif- Days after inoculation 
lation 
: leaf 
time 5 6 7 8 9 
‘FS a7, Som Reng ak em ups Barca #8 aah Fe Tpupe #0) 2 Hae De Sian Legian ooaemiat Bi 
I 3 uae plied, Ocean! aah? Onin Wee OA iaeanls Siete eae Sate 5 
2 | 6 7e PES tO" “18a Or 26, io" 26 ) 12°26 
3 3 10° "12; 720° G6. 1367 20.749 “257 53. "26 53 
4 95 8 i5. 32) 20.47 (239950 3c 52. 32 52 
5 3 Bid ta we Oe itt Gurniow .9Pnle +9. I'2 
6 I 3. G97 eae 6 14 6 16 6 16 
M—>S 
7 40°54 "91S. 15. scOu ou co. aloe 20 a23 
8 4 in SLO Aetna recat eet Poms te vito 2 
fs) 4 7 @8 3 sy s0ttse AdVeee an tea 
10 3. 5 ier td pe (bs: Sih tO weal are VOU he’ 
Vt 3. 6 VO) Silay) 242 1 Site6 a lo4 27. 15°26 
12 5 5 4 12 18% ee WoO  O7 23 'e7 23 '27 
Mean 34 43 88 13.2 11.9 21.0 133 25.3 15.7 27.2 159 27 
Standard 06 29 410 f22 N33) 205 936 5 2203.7 $2294 
error 
AW) 8205720 © 250 224022 66 ea G ea Gl 
2 5a 5p 2OP sO CON Sorte Ome sGy ele Sin ol aa 
3 2 |. “i 2: Wi the a2 tae Phila Sis. 12 226 
4 270.0) 8. aie) ae Ow BO Ee ae LO 2.27) 2h Ou 27. 
5 2) 45a PAS 2eesl Oee AOe non OGht lds Slee lt oe 
6 3.7 2°) [Ol OTe OG NES NO AP) Olas Oe as 
Se a Ol Vibe. Ge ows eee OMST Ee Tle Toa! + 7a Os 
8 2¢ (0; 13 tee “(Oo 158 Tor Wire 6) OF “Az . SP ie. 
9 2 $8 7 2 24 er $54 23 as 2s 4S 
10 6 2 24 30 30 57 30 64 34 64 34 63 
Vt 2 Ow FIORFINS: O12 1S 2.52) 14h ont 14h sot 
12 2 | Ze tabs cOOn Gen 2958 397012914 (fOm29 
Mean 27 1.3 13817.3 153 28.4 154 355 16.8 37.8 168 38 
Standard 052051 SUB oGa 2 9 ele” 452 at 47) 25S 
error 
’ The second virus was applied 10 hr after. 
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TABLE 20A. Lesion counts: Increment curves of local lesions obtained after pre- 
and post-inoculation treatments with potato virus S(PVS) in Chenopodium 


guinoa. Expt. /. 


Days after inoculation 
Inoculation Half-leaf 
time no. 6 7 8 9 10 


l 0) | 11 ie coF S02 SOR 502 79 

2 O | be Pst SATS er ye yale ike r= al Re he jullie b baad Re} 

3 2 42 ly 385 2a ls,  SSa27¢e 601270 

4 2 3 OF SieocmtL oe oe cece Sine 

5 0) 0) 4 Ii Ss 396 2dq 88s 20 89 

6 10) | So sag. Se e4ei yg S5g107ha S504 Ul 

O time 

7 0) 3 7a 788) 14884495508 15546302160 

8 | ) (eos e cums i cOlt 710199 

9 e) 3 Smee 9 45 29 99 29 98 

10 10) 4 oe 5585 31) 62) (i9'9% TaaI95 

11 3 ti Ver COm Ooms Son 1067204 a lO0 2.50 

12 | 3 Se: 318 29) 655 SOg( Sie S24/135 
Mean Os 29 ‘63 26:9 202 708 S18 i662 5251663 
Standard 0:39, 0609" -t2 2G lOG ti cu) to toe 


7 C=Control, i.e. O.O8mg PVS/ml. 
> + =Test,i.e. 0.08mg PVS +1.67mg PVM/ml. 
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TABLE 20A cont. 


Days after inoculation 


Inoculation Half- 
time leat ai isciaiaie a | aS SeaanalaA con 
(Ihr)? DG, Cc. in c. bakoce inpubica Tc. OT 
12 1 Gh io) 168 37 318 eo SNe ss 
2 OPW.) hor iat eesase 47. 89 49 So 
3 portato an ae ns OCT 56 101 
4 A homes mes sas ons 17a) 047 175 
5 GPO MAO See ae Heh ey ee 
6 Gy eg ise Races e544. Oa) GS? 
Sona 7 O ita a aromare meee ou cs 40 168 
8 Yd Pn eer ores saucog) 34, 65 
9 Of eS.) ete i ee aoe ss 851105 187 
10 De) fas ea aan Sali soNl se 147 
7 Pilea mot oes eo mes iiss 470. 1.4 
12 3 10 19 5! 40 94 99 203 100 200 
Mean IL! 35 101 19.4 237 511 4931054 503105 
Standard O40 0977 a4 nies cum Sanbst1 40083013 

error 
O2 2% 28134 74 358171 S69 18.058 
2 uO) eee 9) eae toa BIR voClle. {71 
3 Ou lias Mes base si Bs 20° reS) —solnea 
4 G) 4n eee ie ics (ae ice oat os 70 
5 Gee oot ener is eo) le. 6 
6 ee ey) (oe lo ee ed Se ene eee tor 
Mate 7 Oe. 10) eestor Ss) core tica it4 
8 2 18 “7 58 17 90 40 192 40 190 
9 | 4 4 22 24 50 50100 50 99 
10 a Je lee se 2h fo 46 (sa 46 184 
it pee ifer RM cea a yi ee ee et 
12 {SG ben eSsCnhs7 en eas ZO 245 
Mean lO 66 49 278 172 584 4011238 404123 
Standard 03 16 09 54 26 92 58190 58 19 

error 


’ The second virus was applied Ihr after. 
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TABLE 20A. _ cont. 


Days after inoculation 


Inoculation Half- 
AEC 6 7 g 9 10 
C lj c if Cc tf & T C is 
i O O @) 3 SatO 7158.20 7 15Pi-2O 
2 O O | 4 Teele 00550.) 28°" 36 
3 O O @) 6 Hato el Oo ce)6UUOU 
4 2 2 Si OL wom SU Oo OU OG. (19 
5 O .@) O 2] 6 vo 366 248 1S Ft 
6 ! (0) 7 La tOuen GO ahOcl Pots coe 7) 6U 
S—~>M 
7 2 | [Ooh Se 29. V408 owt Oe 75: 100 
8 O 0 4 Ii lm Poo) 6c Ava GY (74 
9 0) 0 O 2 6 S2520) ~2O. -20) 24 
10 0 0) | 4 SPE, co OO 25 150 
II | i 4 5) AS 335.36 153 936 153 
12 (@) 0) 2 6 5 L945 9146) Os. 46) S2 
Mean 05 O03 28 59 126 18.2 36.8 46.4 36.8 46 
Standard O2.50 2530 90 el tie le etd Os so 0.02.8 
error 
| 10) 0 ' 9 4 26 13 "40 13 745 
2 @) @) Oo: J6 S 82 15 64 AG 65 
3 O 6) er ahOr FIOM 415 "20-793: 23) “92 
4 | | 6 18 !8 67 60 134 60 131 
5 O 0) | 7 5035. 4. 64. 14) 68 
Moss 6 O @) 2 2 Teo Bisco elie sie 
7 (0) ! 4 !6 15 64 32 140 34 137 
8 | 1 Ao 20 alee 2 7S) “457150 45-148 
9 O ‘@) ! 10 Leis to 4 lO. 76 
10 O 0) | 5 6-720. 208 00), 254 60 
il | fs 92 52 ere 11001. o4 7400, 04.65 
12 @) 0) | 8 Lae Lee LOM a ey ole 
Mean 03 04 23 125 10.1 466 27.8 944 28.3 94 
Standard Ol O20 6 ico a te 26 S2arar em 4 fo | 
error 


7 The second virus was applied 10 hr after. 
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TABLE 20B. Lesion counts:Increment curves of local lesions obtained after pre- and 


post-inoculation treatments with potato virus S (PVS) in Chenopodium quinoa. 


Expr i. 
Inocu- hale Days after inoculation 
on leaf 6 7 8 9 10 7 
me McG Te CH TP CR NEE Coe rae (ea Ta C4 Te 
| 2 Fé 4 Le 4 "Si 36 106° Sh les Sf 16s 
2 O 8 a SB OGe ce OO mer cor MoOlucet 
3 6) i O 6 G& he  k6s) 52]: 30 499) - 30° 4900 
4 2 0 3 4 Ouro we rOk UtOme cian elo ase, 8h 
5 | 3 3 9 l0°°33 24 .92 41) 148° 41 143 
6 | fd 2 7 oS 30 tS" 73 —34 10S 34 °106 
pine 1 i 2 3 5 C= 22S Com coe 784) 26 oF 
8 0) I | 9) oF OLS go” 467 19" 734 19 76 
9 2 5 S47 GIO 49 9 S59 077 95, 4G, Coord 
10 3 4a 4 4° 20 6G. 4@ ble 29 225 48; 222 
II O 2 | 6 Go 6 FO 45. 22 89. 22 FSS 
12 ) 2 { 4 q  L@ t2 25 20°55. 20 Siz 
Mean OD) Sty ce3 19:2°° 9:3 32.0' 220° 76.5 (SiS Ilene? Sa2 lek 


Standard O35" O.7 tOl4 Ger 45.9 9S 4 80:9 0.2 09, TO Oe 


RS NT EIT TTS ASE AE OBE SS SLI SES ESRF LET SLE DED I LIE ELIE LESLIE TOOL = DOE SE PEEL ELI LOLBE IRL PR LEEE EO I OR ESIC L ERs AAA VET DOD LE LET PLL 


a 


C= Control, i.e. O.16 mg PVS/ml. 
5 T= Test, i.e. 0.16 mg PVS + 2.78 mg PVM/ml. 
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TABLE 20B._ cont. 


Half- Cays after inoculation 
lation 
time 18 
a 6 7 8 9 10 "1 
(1 br?’ Cree Tat COPA uce = ete erteee Ted Comin acl Coney 
C. RO RE opis’ os Sa 8. 2a) 8G 
2 oS 2 26 te Seis sm ce 4a (26. 64 
3 Gr.-0 Vile, oy Sue neko e445 G4 .24. 65 
4 P26 3 a Ss) 2a se se 4h «52 46 
5 5.9. 6 23, 2 60, 47 150. 7h 170 79 167 
6 D2 \2 9.6498 14 cages te ies Iss 67 Iso 
“RTS & 3 SS § [9 16. 26 on 7e .38 82 30 80 
g Po F616 os7 ww some 45. los w47 i106 
9 SS Sit. te W460) 320 Se Sole6) sa). 110 
10 Bee SB G6 ia staber. pe ee col ar, 87 
7 OLS US CR Ae ie sar fo. 40 nS. ae 
12 be JSR eo Oe Wise Sortaa. Se bss. 36. fee 
Mean 1.3 3.7 3.6 10.8118 28.2 244 63.3 39.1 81.5 400 82 
Siandad «8 03 90 O86 am AS 45 29 108 §6 120 53 12 
error 
OP NO lO). hua wiawits se eee (see eo) Be 
2 @ 6 io) (1S 4 Ss: Re BF 26 13) «SP Fs 
3 6 2-3 18 8 35 28 989 54 cog 55 264 
4 Pf 4 16 1# 33) 32 $8 60 196 62 1193 
5 G 6 tf § 46 3% FS 46 $5 182 36 195 
6 6 Tf ve a2) WF 3s. fr ada Sh tsé St 94 
eee E7 G6 fh HS WH "ee Sh fs) 4a SP és a2 6s 
8 OG WG. 4 ee pe Se 20? 79: 2k wel 
9 OO O 8 2G o6) ae Sa ep 38) 66 
To G@ € \) -# eh 28 33 er 43 tsp 43 35% 
It Ga RF OR RP teh So SR FA 84 
12 Go © 6 4 F 6 “ Je fh ar te 4s 
Mean 0.1 O05 12 79 68 221 183 513 3101050 317 105 
Standard «6 OR OD Os NS OS 26 24 64 4F 158 4418 


error 


"The second virus was applied Ihr after. 
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TABLE 208. _ cont. 


Inocu- ss aie- Days after inoculation 
lation 
. leaf 
time | og 6 7 a 9 1O i 
(5 hr) C he : Ge tyne ite EG We 1c Ty Ti 
| 3 2) 5% 18-10 3ol 28 se s4t 98) Sz 95 
2 oo 0° O° Si Zor rise ae ee 2s 6s 
3 Oo OO RR OO Sie 7 40 27? 6s 2m 67 
4 y @ 3  -sb- et ta cel 44 sei 44. sé 
5 G0 ot O} 4 fs fio “45 30 ze 30) 70 
6 Ost > W@W 3 20r. 1 6O -24 ler 2a ies 
eee 7 Oo © 2 MW Ra os 30) Ve AO. te 42 
8 O20. “Oo. Seo Bin oh ie Se a SH 
9 GO @ i F 6 ut iss 40 48 75 4am 76 
me) O° oO CO GO A Ie, S35) (20) Sor 200 Sh 
1 | r oO “3S 8 8 24) 1% Fe GO se .ée so 
12 2 l Ss} igt 14 Sh 25103 -77 1FR 75) I'Te 
Mean 06 03 1.7 LO 5.5 17.5 119 54.0 363 712 36.1 71 
Standard 63 Of os o3 No’ 24 ‘Iisk To Sie} Gi 5182 7 
error 
| P Or 2° °O “4-13 HP Sar 2h ear 2h 64 
2 Oo | Pp 2B “4 22.°18 69 30 90° 30 ‘88 
3 @ .2 tio: # we Pe lo 45 5 Go fist. 69 
4 a. @ 1s) (fH oe Rsk ig 158) 22 too ar t7d 
5 2 3 4 § iS 35 27) Sh SO 1a8 se 120 
6 l l a FT AO. 40. 24 te eh VhR 6O. Ifo 
ae 7 l | 2 2 EG 23 14 69. Sos Ss2. 39 ai 
8 Ob ao i l SS 23) (4 67 32-74 32.75 
9 & “oO jo | S-17 @ 4m fé6 se t& €éo 
10 a tf a 2° ig 30 “1% 64 42 100-48 1G 
11 Dp - 97182 bp tS fs fio so fe 63 I4 63 
12 Go 0 GG I B&B Bt Fe 132 foi fan fio tas 
Mean 08 O8 4.7 1.8 5.8 21.4 13.5 66.0 29.8 783 29.7 78 


Standard O2 O03 G4 04 0.9 2% £3 63 46 67 4.5 6 
error 


7The second virus was applied 5 hr after. 
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TABLE 208. _ cont. 


Inocu- 


Half- Days after inoculation 
lation 
vinnie 6 7 8 9 lO tt 
Ties Caleitncs Co eT wh aChw stl em Cine items Cares seCree oT 
l OG) (0) <26n0) yee tise sane 3470. 3h 69 
2 O° 0) te 4 bs eal OD ce vesi-t2m, 37. 2G 40 
3 be 0) “828 © 3) 4s Breese! iy 488) 1a" 47 
4 OF VO MaGill st) ae SIT Gurs0 ace 6.55. ee 58 
5 Oo stl)" “44-19% 9054 sieves le 4 8S). 4B 85 
6 ie (Os is cheng en Obie} 6 50151 450) 128 
Spesegi nl iy Of ON) 1G (of) Fouige 4miicumt4.. 297) [a 30 
8 Ol OT O28 bat) Peale eon ha wes Ve, BS 
9 O90) NG. 7 us leeeo nese 237) 18037 
10 On T0140 50 eS see ee tll oneaers 1 ae 4e 
1 \ ) 400 Bae 6 Se COMM Raine seco” 3a: 664 
2 0) 10 | 2OAnh2u | 6 presets rane 30 (9737130 74 
Mean O03 O1 12 80 46 191 10.8 38.3 26.6 595 270 59 
Slandard Ob 01 104) 1170.72 Obl. B a G5" Ss. i840 32 A 
error 
l On 0 jah V2 “eyelets sts "50 25) 66) -254 66 
2 0 wi 470°) 3 994i 13.5 Be. 47 19 54 19.054 
3 07) Oba) (9 sues) 240 cLolr rm. ik’ 495°) 301495 
4 O25 se 2G EES C290, 1 10m Sects) “Semler 
5 O Wash. 5 9669S) He 39" 58 58. 18 457 
cee <G 0 40 360 3° 634128 48 (44 16 155 Jis.58 
7 0 0 360 4 483 168.98 52 20 61 (20. 62 
8 O° 30 ba2 Smee? 20. is) 67 (2m 7O en oe78 
9 O° AO BG) Hinge (Te 4G) 252 “1a7-'40 4) te. fae 
10 OS RRO) 2 ee 7 G28 96s 29 18.86 
1 O: PL (AS Se 1 33 US494s 279 Vans 
12 OHO) ou iOseo 330m 2450140 50.1447 501140 
Mean 0 O5 10 4.4 55 17.0 13.0 58.5 25.7 74.2 25.4 74 
Stondard © O02 03 08 09 23 23 84 34 99 33 9 


’The second virus was applied 1!O hr after. 
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TASEE: 20). Lesion counts: The dilution curves of the infectivity of ribonucleic acids 
respectively isolated from potato virus M (PVM) and potato virus S(PVS) in ‘Red Kidney’ 
bean (RKB) and Chenopodium quinoa. 


Local Half-leaf Dilution 7 
lesion no. TE TTT I 
host ‘ay 10"! Wey 1073 iow 
| 13 O 0) 0) fe) 
2 4 4 | O 0) 
3 9 | @) 8) 0) 
4 1] {¢ | 0) O 
S 12 4 2 O @) 
6 6 4 0) 0 0) 
BCS 7 3 | 0) O @) 
8 8 5 | 0 O 
9 7 3 | 0) O 
10 16 2 2 O @) 
| 12 6 O O 0) 
2 10 3 2 0) O 
Mean 9.3 3:3 0.8 O O 
Standard error 1.1 0.6 0.2 O O 
| 98 66 30 5 @) 
2 roe 50 Wie | O 
3 beled. 70 Z2 3 0 
4 142 4 16 6 O 
5 180 118 be 2 @) 
Cauinog 6 216 96 26 5 0) 
7; 304 44 14 l O 
8 264 68 9 4 @) 
9 Ley 62 21 @) O 
10 134 80 i3 3 0 
11 124 a3 15 4 @) 
12 165 38 11 2 0) 
Mean 174.0 65.5 Ta a 3.0 0) 
Standard error 17.4 6.8 1.8 O22 O 


” By using 0.057 M phosphate buffer, pH 8.0. 
Concentration:50 A units at 258m. 
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TABLE 22. Lesion counts: Effect of endogenous ribonuclease associated with 
intact potato virus S (PVS) on the infectivity of potato virus M(PVM)- ribonucleic 
acid (RNA) in ‘Red Kidney’ bean. 


Expt, eat Control? Test (PVM-RNA + PVS) 

45 45° 45 45 45 45 
2.4° 0.24 0.024 00024 0.00024 

II 3 9 6 11 18 

2 5 0 4 4 9 10 

3 13 2 3 It 8 8 

4 7 2 5 8 6 9 

5 9 4 3 5 7 14 

r 6 10 3 6 12 10 G 

7 18 4 2 7 17 15 

8 8 5 7 a 5 12 

9 6 3 4 5 9 7 

10 15 5 9 14 10 

11 7 2 5 4 8 8 

12 13 2 4 7 10 9 
Mean 10.2 2.6 4.8 7.0 9.5 10.5 
Standard error 1.1 0.4 0.6 0.8 1.0 1.0 

35 35° 35 35 35 35 
16° 0.16 0.016 OO016 QOOOdI6 

l 5 2 2 a 5 & 

2 8 5 10 8 10 

3 9 ) 3 3 Lt 13 

4 7 l 6 9 9 5 

5 Z, " 3 3 7 4 

6 6 2 5 4 7 " 

a v4 12 4 4 5 9 5 

8 5 3 2 5 5 7 

9 3 | | 8 6 6 

10 10 5 4 6 4 10 

It 9 3 3 5 8 5 

i2 8 4 4 7 4 8 
Mean 7.4 2.3 3.5 5.9 6.9 7.3 
Standard error 0.7 0.5 0.4 eM 0.6 0.8 


er ee 8 eS ee ee 
°PVM-RNA only( A units at 258nm). 
6 A units of PVM-RNA at 2582m. 
© PVS (mg/ml). 
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TABLE 23. Lesion counts:Effect of endogenous ribonuclease associated with 
intact potato virus M (PVM) on the infectivity of potato virus S (PVS)- ribonucleic 
acid (RNA) in Chenopodium quinoa. 


Expt Hanelgat Control? Test (PVS-RNA + PVM) 

| 10 10? Ke) 10 10 10 
ES O.1! 0.0 OOO!1! 0.0001! 

| 129 58 102 116 142 137 

2 54 26 87 90 66 61 

3 94 20 44 42 62 75 

4 67 27 65 74 72 57 

5 104 60 95 95 122 124 

6 118 27 74 52 132 104 

7 62 26 45 64 59 53 

8 97 35 34 65 69 75 

fe) 78 41 68 79 96 128 

10 78 45 50 8 | 50 78 

uw 97 53 63 68 91 99 

12 90 39 38 6 | 64 94 
Mean 89.0 38.1 63.8 73.9 85.4 90.4 
Standard error 6.5 3.9 6.5 5.8 9.0 8.3 

6 Be 6 6 6 6 

Ova 007 0.007 00007 0.00007 

48 17 50 34 55 62 

2 95 36 66 66 99 108 

3 118 14 31 110 131 77 

4 130 19 28 88 69 129 

5 42 13. 46 58 48 53 

6 43 45 36 44 83 50 

tt v6 68 30 80 47 38 70 

8 1 56 77 58 45 40 

3 50 23 94 90 40 47 

10 8! 50 41 71 70 87 

Lt 44 40 33 69 108 65 

12 58 32 59 98 90 84 
Mean 71.2 31.3 53.4 69.4 73.0 727 
Stondard error 8.7 4.2 6.3 6.7 8.6 7.6 


7PVS RNA only (A units ot 2582m) 
4 A units of PVS RNA at 258nm. 
Spym (mg/ml ) 
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